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PREFACE. 

This is a practical treatise showing the prevailing errors 
in the ventilation of churches, halls, schools, and other 
public buildings, and pointing out how the faults can 
be remedied. The information bearing upon the effects 
of wind action, and the intermittent air currents in pub- 
lic buildings, was obtained by experiments, or elucidated 
in the course of the author's practical experience, and 
these, together with the studies in the physics of ventila- 
tion set forth, cannot fail to be of value to architects and 
builders, as well as to ihe managers and caretakers of 
public buildings. 

The author has endeavoured to "connpress much prac- 
tical matter into the smallest* compass, And the scientific 
and technical information regarding the composition of 
the atmosphere, its impurities, etc., has been omitted 
because it can be obtained in any book on physics. 

Portions of the treatise have been compiled especially 
to enable caretakers to make the best use of the ven- 
tilating appliances which they have to control, and as 
there is no book on the subject, and great need for such 
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information, it is hoped the matter provided will prove 
useful and instructive. 

The illustrations are not intended to be complete 
drawings of the buildings in question, but are only given 
to show the air currents and other information in refer- 
ence to the air supply. 

London, 1903. 
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PHYSICAL LAWS BEARING UPON CHURCHES AND PUBLIC 
BUILDINGS. 

Temperature, — In the majority of churches and public 
buildings there is no mechanical aid to ventiUtion, and 
I Juring the summer months all that is done is to open the 
windows, and perhaps the doors during very hot weather. If 
j^lhe caretaker does his best to teep the air pure, snd thinks 
^Bfit to open all the apertures, there will be many in the 
•^audience probably who will object to any movement of the 
air, and these will endeavour to shut any air inlets in th«ii 
neighbourhood. It is always best, therefore, to have the 
window openings out of the reach of the audience, and not to 
^^ leave cords or other regulating appUgrices at their disposal. 
^B TAi! {aretakef skould ianJuUy note tht temperature r>f the air 
^^ outside in tfie shade before he attempts to open the air inlets, 
in cold weather, and in Spring and autumn this precaution is 
siill mote necessary. Where there are Tobin shafts near the 
ground, these cannot be opened wide if the air is 55° F. or less, 
and if ihey are, persons sitting qlose to them may lake severe 
cutds or suffer from neuralgia. Windows should not be 
Opened widely unless the temperature is 65°, but at any tem- 
perature above 65° F., all the provisions for summer ventila- 
tion iMay be brought into play, and all Tobin shafts may be 
opened. When the temperature is 70° outside, oi more, 
the doors afford further means of ventilation, and if any 
wind is moving, they may often be openedl with most pleasa.rLt 
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2 VENTILATION AND MANAGEMENT OF CHURCHES. 

and marked benefit in hot weather. In Che next chapter this 
will be d«alt with more fully, ajid illiistra.t:ion5 given ^o show 
how the wind will act. 

^Vhere there is fair provision for sending warm fresh air 
into a building at the floor level, it will he well to begin to 
heat the air slightly when the outside temperature is less than 
55°, and when it is 50° the air should he warmed in all buildings. 
During the auiumn and early spring, the air is generally humid 
and raw, and by tenapering it a few degrees it is rendered more 
fit to take up the moisture from the breath of the audience, 
and more amenable to upward movement, as the ventilating 
pressure of the building will be increased. 

The caretaker will not be lon^ in noting what temperature 
the audience likes best. He will soon get complaints of being 
too hot, if it is a degree or two above the usual, and if he goes 
at onte to the thermometer and reads the inside temperature, 
and then without delay notes the temperature of the air outside, 
by the thermometer fixed on the north side of the church, or 
in the shade, he will obtain valuable information. Too much 
stress or importance cannot be attached to the necessity of 
providing a good thermometer for taking temperatures outside 
the building. It is the exception, rather than the rule, to do 
this, and hitherto a thermometer inside the building was the 
only one generally provided. The sudden increase or decrease 
of pressure, due to the rise or fall in temperature which so 
often occurs in this country, could then be noted, and pre- 
cautions taken to prevent the close, unpleasant atmosphere 
which results from overheating air which is charged with 
moisture. The caretaker should endeavour to keep the tem- 
perature of the building at 58''-62° F,, according as is best 
suited to the comfort of the audience, and this will depend 
upon the volume of warm air which gets into the building at 
the Boor level- In order lo maintain this temperature, much 
more heat will be required in damp, cold weather, and it is 
only possible to prevent extremes of heat and cold inside 
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[the building by carefully observing and considering the 
temperature of the air outside. When it is a question of 
admitting unwarmed air, then the temperature of the outside 
air is equally important, and should be carefully taken 

I before adjusting the inlets prior to the assembling of the 
audience. In like manner the temperature of the air outside 
should be the indicator for opening or closing the valves of 
any ventilators on the roof, or any other foul air exits that 
may be provided. 
In this country it is usual to heat the churches and ha.tl5 
in cold weather to about 55° F, before the audience assembles. 
w Iti America 70° F. is nearer the mark, but there is less 
Hmoi&ture in the air than here, and more provision is made 
"for removing the overclothing — men and women sitting in 
11 their seats dressed much as they are in their own homes. 
BUnder these circumstances, which might be imitated in this 
n^country with much comfort, it is possible to stand a higher 
iji temperature, but even then 65° will be the limit which can 
Hbe home without a feeling of enervation, in England. If men 
^^and women could be educated Co dress so that the outer 
apparel might he removed in a church or public building, a 
much better chance would be afforded for increasing the 

» ventilating power, especially during the autumn and spring 
months when it is. so difficult to get any appreciable ventilat- 
ing pressure, and when, at the same timej the opening of 
^ inlets for fresh air umvarirted is attended with unpleasant 
B experiences. The higher the temperature the more aqueous 
vapour air takes up and retains, and the breath of the audience 
will not condense upon the walls and other surfaces If the 
■ temperature is 60° or more. It is assumed in saying all this 
that there is a reasonable volume of fresh air warmed coming 
I into the building, hut when that \s not the case, as unfortun- 
B&tely it generally is, it is well to recollect that the germs 
evolved in breath can work best and decompose the organic 
matters present at a high temperature. On the other hand, 
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4 VENTILATION AND MANAGEMENT OF CHURCHES. 

however, the higher the temperature the easier it is to venti- 
late the building, and to attain this, every effort should be 
made to provide and introduce more warmed air at the 
floor level. When this is done a temperature of 65° F. after 
the audience has been present haJf an hour will be agreeable. 
In our dwellings 65° F. is the most pleasant temperature 
when there is enough fresh air moving, and with proper pro- 
vision in public buildings this temperature wouJd be equally 
satisfactory. 

The caretaker will always take due notice of the increase 
of t€nipera.ture which will result from the bodies and bresth 
of the audience. Not unfrequently 5' is allowed for this addi- 
tion. In- Other words it is assumed generally that if 60° is 
the maximum the congregation will stand with their jackets 
and wraps on without grumbling, then the thermometer must 
not register more than 55° F. before the audience begins to 
arrive. When the caretaker reads the thermometer, which 
is frequently if not usually fixed against one of the walls, and 
finds it 55° F., he probably ascertains correctly both the heat 
of the walls on their surfaces as well as the heat of the air 
in the building. If he consults it after the audience has 
come in, the thermometer will show an increase of tempera- 
ture, but if agajnst a wall, it will not give so high a figure 
as it ought, because the air in the building has been heated 
quicker than the wall. For this reason the thermometer 
ought to be fixed or better hung from some projecting wood- 
work a.way from the outer walls. When 5° F. or more is 
allowed for the heating of the bodies and breath of the 
audience it shows a sad deficiency of inlet aJr^ but in small 
buildings like mission halls which are crowded, a rise of 
nearly 10° may be e.xpected during moderately mild and 
humid weather. 

It is during such weather th*t the difficulties of the care- 
taker are greatest sn far as trying to prevent overheating," 
but in many if not the majority of churches and public build- 
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?HVSICAL LAWS BEARING UPON CHURCHES. 5 

ings when the temperature of the air outside is less than 35° 
it is found to be almost impossible to get the walls of the 
building warm enough to make it comfortable for the 
audience. The fire is lit on the Saturday evening — not infre- 
quently early on Saturday moming^but, after firing with lh<; 
utmost care, the building defies to be warmed sufficiently. 
The thermometer on the wall registers only 50° and wili not 
go higher, and in some cases will not rise to this. Instead of 
this result the walls ought Co be heated Co 60° F. and shoyld 
show this temperature when the doors were opened to admit 
I he audience. The air in the building rould be lowered by 
opening the doors and ventilators for a few minutes, and 
fresh air, mostly cold, admitted half an hour before the 
meeting. The reason why it is so difficult to warm the 
building when the air outside is below 35° may in some cases 
doubtless be due to want of sufficient heating power. But, 
generally speaking, it is owing to the cracks and fissures in 
the roof, and to the ill-fitting valves connected with the venti- 
lators. It is not difficult to ascertain what is the matter and 
to point out the remedy. The advantage of heating the 
walls of the building rapidly and sufficiently hot needs little 
advocating. In churches and other buildings where the seats 
touch the outer walls and the audience sit close to them, the 
cooling effect of cold walls is unpleasant and injurious. In a 
large nuaiber of places of worship the seats adjoin the outer 
walls and are fixed thereto, and when the walls are cold, as 
chey generally are, not only is there a cold douche of ait 
descending continually, but the feet of all those in the side 
seals are rendered frigid by the cold current of air which 
moves towards the aisles so as to get to the down grating of 
the heater, or in the direction of any heating medium which 
may be near. If the inner walls of the building could be 
heated to 60° quickly, then there would be comfort for those 
sitting near them, and no moisture from the breath would be 
deposited on the walls. The upper part of the bitUdnv^^ 
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which have no eeiliog and are boarded to the apex of the 
roof become cooled more quickly than the walls, and the 
consequence is that where the interior of a. church shows 

only a. temperature of 50" or 55° through whatever cause, the 
upper portion of the toof will soon become cooler when air 
from the outside is admitted with each person coming in, 
and, in very severe weather, cold currents may descend from 
the root even when there are no perceptible crdcks. 

Where the electric light has been installed it is often thought 
that the fault of these downpours of cold ait is due to the 
heat being less than was given off by the gas previously used, 
forgetting that no gas was lit for the morning service. 
Electric Light or any other light, it is necessary to make the 
church comfortable, and this cannot be done in any other way 
so effectively and so conducive to health, as by raising' the 
temperature of the walls atid inside material to 60° before 
the time of assembly. Where the area of the top outlets 
of the building is too excessive, and not under control, it 
should be remedied, as the decrease in the coal bill would 
soon pay the cost, whilst the comfort which would follow 
would be greatly appreciated. 

In some churches where the electric light is' installed, gas 
is used above the lower bond of the principals of the roof 
to heat the upper stratum of air in the building, and recently 
burners of the Bunsen type have been fixed in some churches. 
The products of combustion where the fames play upon 
iron gauze are deleterious, and the ordinary white gas Same 
is much preferable. Some persons think that gas burnt in 
a Bunsen burner gives more heat than if burnt in a luminous 
Same, but, for equal volumes of gas, the totaJ heat evolved 
is the same. Once the roof of the building was under 
control, and it was possible to heat the walls as suggested, 
then ii would be unnecessary to use gas to heat the air near 
the roof, and no expense in reason should stand in the way of 
this result being attained. 
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Ventilating Pressure.— When the air is warmed, the 
molecules of which it is composed are said to set themselves 
at greater distances — In other words, the volume of air involved 
expands and is consequeatly lighter bulk for bulk than air of 
a lower temperature. As air is one continuous ocean, it 
stands to reason that the lighter portion must always be 
lifted upward ; so that In a building where the atmosphere is 
warmed artificially, there is a force on the outside always 
tending to raise the air upwards and cause circulation, Ac- 
cording to the number and area of the inlets by which the 
outer air can gain access into a building will be the rapidity 
with which the internal air will he moved, and if these air 
inlets at the fioar level permit an adei^uate volume of air 
to enter, then the ventilating force or power upon the building 
is sufficient for the time being. In churches and public 
buildings the greatest difficulty to obtain enough ventilating 
pressure is experienced in the autumn and late spring when 
the outer air is cold enough to cause a draught if a fresh 
air inlet is opened. If the air is about 55° outside and it is 
not possible Co warm the air without making the audience feel 
hot, and the air is moistj the ventilating pressure of the 
building will be at its worst; and when, as will be shown pre- 
sently, it is seen that three-fourths of the ventilating pressure 
may be used up, and most frequently is, in overcoming the 
friction the air encounters in getting into the building, very 
little pressure is left by which the air in the interior can be 
moved, and expelled thrciugh the outlets. When, m addition 
to the friction mentioned, it is pointed out that in the majority 
of churches and halls by far the largest volume of air which 
gains access to the building comes in at the top, and, by 
SO doing, reduces the actual ventilating pressure available to 
force air in at the floor level on the outside, it will become 
evident, so far as so-called natural ventilation is Concerned, 
that the usual appliances provided do not succeed in uaing 
the full ventilating power to the best advantage. 
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Some persons sugge&t that air inlets of the Tobin type 

would remedy this state of things. There are many churches 
where they are fi\ed, and in nearly all cases if persons sit 
close to them they are not opened at all in cold weather, 
because the flood of cold air is intolerable. There are 
buildings where they have not been opened for years. What 
is wanted is warm air at the floor level; and sham air inlets 
are worthless, and Tobin shafts are sham inlets when fixed 
close to where persona are sitting, and where they must be 
kept closed. 

From what has been stated, it will appear evident that 
the ventilating power of a building depends upon the diffeir- 
ence in density between the column of air inside a structure 
and a column of outside air of the same height. This force 
available for ventilating can be readily calculated. A church 
or hall is 50 feet high to the apex of the roof, and as there is 
no ceiling, it has 50 feet of headroom. The temperature 
of the air inside is 65" F., and that of the air outside is 50°. 
Fifty cubic feet of air at 50° F. weigh 5'S9 lbs,, and 50 cubic 
feet at 65° F. weigh 378 lbs. The difference in weight be- 
tween the outside and the inside column of air is therefore 
"11 lb. per square foot, or nearly ? oz, pressure upon every 
square foot of air surface. 

A hall with 30 feet of headroom has a ventilating pressure 

under sinailar conditions, 3_ ='066 lb. per square foot. 

The hall with 50 feet of headroom has a ventilating pressure 
li times as great as a hall with 30 feet of headroom. 

What is the meaning of the term ventilating pressure as 
applied to a public hall? It is simply this, that the outside 
air at the floor level of the hall wtll not only balance the air 
inside at the floor level, but will raise it, and force it upwards. 
with a pressure equal to 2 oz. exerted upon every square foot ^^ 
of surface — the pressure increasing with the height of ihe 
rtiilding, a ri&e of temperature inside, or by the lowering 
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the temperature of the outside air. When this theory of 
ventilating force became widely known, a somewhat natural, 
though mistaken deduction, was made. It was thought that 
if the ventilating force was esercised in raising the column of 
air in a building and propelling it upwards, what was wanted 
primarily was a free path or exit for the ascending air. It was 
said " there must be ample loom to let the air out at the top, 
and then there will be ventilation ". It did not strike the 
advocates o£ roof ventilation that there should be facilities 
afforded to let a volume of air into the building equivalent 
to that which should pass through the roof outlets, nor was 
any calculation made of the extfa volume required because 
of the cracks and interstices in the roof. When ventilators 
were fixed, and there was much interstitial space in the form 
of cracks- and fissures in the roofs of churches, it was found, 
as a first experience, that more fresh air tried to get in near 
Che floor level through the doors and windows to supply the 
place of that which had so freely made its escape at the top. 
Then the seat holders near the door.s and windows complained 
loudly of draughts and threatened Co migrate j and to pacify 
these, Che church aothorities, without understanding what 
they were doing, ordered thick woollen strips around the 
doors, and the dose adjustment of the; windows, whilst ere 
long the inventor assisted with india-rubber tubing to prevent 
all draughts. The church authorities did not seem to realise 
ihaC they were carefully excluding the outside air, and so 
failing to supply the necessary volume to pass through the 
ventilators and other outlets in the roof of the building. The 
consequence was that little air got into a church qr h ^ll at 
ror near the floor level, and what did get in was not sufKcient 
to move through Che openings in the roof and through the 
ventilators with sufRcient velocity. 

Most people Chink that the outside ventilating pressure 
upon a building has done its work when the apes of the roof 
or the mouth of che venCilaCor is reached, and that a SQCt 
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of equilibriiim exists there, so that no consideration is given 

to the fact that the pressure upon the air in the building is less 
than that upon the air outside, and that it is only the velocity 
of the air moving towards and through the top exits which pre- 
vents the outer air gaining admission into the building. Let 
that velocity fall below from 2 to 3 feet per second according 
to the height of the building, the simultaneous movement of 
the audience, as it sits down after a hymn, or a patriotic 
deraonstration as the case may be, will be sutBcient to upset 
the equilibrium, and cause down currents of cold air to 
enter through the roof exits. Owing to so many of the 
churches and public buildings having excessive top outlets 
when the air outside is very cold, and to there being so great 
a lack generally of fresh warm air admitted at the floor level, 
the velocity of the air passing outwards is too low, and at 
intervals of half a minute or more the roof outlets permit 
streams of cold air to descend, and give rise to those undulat- 
ing and intermittent currents of air in large buildings which 
are so detrimental to good ventilation, and so unpleasant 
Co the audience. If Che building has no roof ventilator, and 
the velocity of the air as it escapes through the cracks an<l 
fissures in the roof is too low, streams of cold air enter in 
through the larger crevices until a point of interna) pressure 
is reached when the outgoing air is expelled at too great a 
velocity to allow any further quantity of cold air to descend 
from the roof. 

Let it be assumed that a church has 50 feet of headroom, 
and a ventilating pressure of 2 oz. per square foot of 
air surface. This pressure is most ample and will afford a , 
velocity through a given opening at the apex of the roof of I 
10 feet per second without any difficulty, if Hie pressure can 
in: excrM upon tht mr in llic b-mlditig al the fieer levfl. But it 
cannot be exerted at the floor level, because the doors and 
windows have been most carefully adjusted. It is not for- 
gotten that many buildings have fresh air inlets, and that the 
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pressure of the outer air is exerted upon them; but it will 
be fouod very frequently that they are either kept shut, or 
they are choked by dirt. 

It is certain that not more than one-fourth, and often not 

Ste than one-sixth, of the total ventilating force in a church 
public building is spent in raising the internal column of 
air, much of the other three-fourths being used up in forcing 
air through the crevices around the doors, windows, etc. 
The friction of the air so forced increases according to the 
square of the velocity, and when this fact is duly weighed, 
how fatal to the introduction of fresh air is the practice of 
closing every chink and crack by india-rubber tubing ! For 
if by this proceeding one-half of the area of the cracks and 
crevices is cut off, the building will not only lose one-half 
the air which previously got inside, but actually three-fourths 
the original quantity. How necesEary it is, therefore, to see 
that every inlet and grating is kept clean and open, and that 
there are sufficient apertures for air to get into the building; 
but it is fully realised that this is only pracdcable when the 
air which enters through such inlets is warmed as it gets 
into the structure. 

If, however, three-fourths of the ventilating pressure is ex- 
pended in forcing air into a building, it follows that the 
pressure which exists inside at the floor level must be less 
than that on the outside— in other words, there must be a 
partial vaoiura inside the building, and, in the majority of 
instances, there is. 

If the hall is low, and there is much outlet space at the 
top, then the tension on the inside air is practically nothing 
at intervals, and very little at other dmes. But, generally 
speaking, there is a very appreciable tension, or partial vacuum 
in churches, chapels and halls, notwithstanding the leakage 
from high windows and from the roof. It is this roof leakage 
which is so mischievous, and so frequently ignored probably 
on account of its being little understood. It is generally 
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agreed that the air which gets in at a h^ window or through 
the roof is only forced inwards at that point by a pr^sure 
equal to the remaining air column in the building. Let it 
be assumed that a church is 50 feet high from the floor 
to the apex of the roof. Through the loss of a slate 
a volume of air issues into the building 10 feet below 
the apex of the roof. If the ventilating pressure in this 
building is 2 oz. upon eveiy square foot, then the ventilating 
force through which air will enter at 10 feet below the 

apex of the roof will be or two-fifths of an ounce of 

50 

vCTitilating pressure upon every square foot, and this is a 
correct measurement of the ventilating pressure at that point 
But there is a factor of much importance which has not 
been considered, and which has, probably, never been pre- 
viously explained. If what has been stated before is correct, 
and three-fourths of the ventilating power has been used up in 
forcing air through the crevices around doors and windows, 
then less than one-fourth of the difference in density due to 
the heated atmosphere has been added as pressure to the air 
inside the building, because a portion of the internal pressure 
is used up in giving velocity to and in overcoming the friction 
of the air passing through the outlets in the roof. In a church 
50 feet high, the difference in pressure between the air 
inside the building and that on the outside after the outer 
pressure was used up in trying to force air into it, would 
represent the difference between the weight of a column of 

internal and external air about 37 feet high — t.e., ~ or 

about i^ oz. per square foot. If, therefore, the air entering 
the roof 10 feet from the apex as already noted follows the 
law of falling bodies and streams to the floor of the church, it 
would exert a pressure equal to a height not of 10 feet 
but of 37 feet. This is assuming, irf course, that the 
cold air streaming in would fall as a solid body and not 
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separate much and become warmed as it fell, and bo lose 
some of its pre-ssore. In those buildings that are high and 
where there are two outlets, it is the most natural thing possible 
that one ventilator should send a flood of cold air downwards 
in order to neutralise the diffeience of pressure between the 
outer ajid inner atmospheres, and the additional Volume of 
.air 30 admitted and partiallj' warmed would be forced through 
the other ventilator at a high velocity. The ventilating 
pressure which has been calculated for the church 50 feet 
high, is the low pressure obtained during the spring and 
autumn months of the year when the air outside is about 
30°, but during very cold weather in winter that pressure will 
be much increased. In the spring and autumn months less is 
heard of down draughts, becau.se the air outside is not 
very heavy, but once the temperature falls to 33°, or less, the 
difference of pressure left in the building, after the outer 
atmosphere has expended its power in forcing air into it, 
would, in many instances, be as much as 3 oz. per square foot, 
were it not for the volume of air which pours down from the 
crevices in the roof and from the other roof outlets. Unless 
a corresponding volume of air is admitted at the floor level, 
it shows how baneful to ventilation are the large top exits, 
some of which are not exits in cold weather, but inlets. From 
the above deductions it is clear that three-fourths of the venti- 
lating pressure is generally used up in friction due to the 
small apertures through which air is forced into a building. 
Whilst this is true in most cases, great care must be exercised 
that the air is not introduced through apertures which are too 
large, otherwise, as will be seen in the next chapter, the 
action of the wind will lead to unpleasant results. 

The influence which the elastic properties of air exert upon 
the internal ventilation of large buildings, and how alternating 
air-currents ^ are formed, will be next considered. When a 

the substance of what follows was communicated la the British 
:iati«) at the Glasgow Meeting, igoi. 
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building has too much outlet space but no ventilator fixed 
either upon the ridge or within the side of the roof, the air 
gathers in the portion which is ceiled either at the first 
OT seconc3 tie of the principal. In nearly every case a grating 
or gratings communicates with the air space enclosed, and 
if the building is high, a flood of cold air will pour down 
through the one which offers the least resistance. The point 
of least resistance is usually determined by the fomi of the 
building itself, although during strong winds the circtimstances 
may be somewhat altered. The easiest path for the upward 
movement of air is naturally in the centre of the building free 
from walls and other obstmctions, and the grating generally 
found to have an upward current passing through it is the 
one in the centre. The position of the doors may make s 
difference in some cases, but this is the natural result. If 
there are three ventilators on the roof, or if there is much 
free way through craclts and fissures, it often happens, especi- 
ally where the entrance doors face the preacher, that the 
cold air descends most upon him; least in the centre of the 
church, and then in increasing quantity at the end where the 
entrance is. If the door is on the side of the church, the 
centre of the building has usually the least down draughts, 
unless the headrooro is very considerable, the two end.s being 
more equally and generally affected. This is how down 
draughts occur, and the difference in density between the 
air outside the building and the air inside is sufficient to 
account for these. But persons who frequent large churches 
and halls cannot fail to notice that where there are severe 
down draughts, there are other and equally unpleasant ex- 
periences. The cold wave of air is followed by a hot and 
oppressive atmosphere, which may last for a few or several 
seconds, then there is a period of slight relief followed by one 
of greater oppression, and subsequently the cold wave ap- 
pears again. At intervalsj these esperiences are repeated, 
and form what are styled " alternating air currents ". 
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Several years ago, the author proved the existence of such 
alternating air currents experimentally, and the cause of the 
aliernattons, in attending to the ventilation of a large public 
hall. The hall was verj' high, 40 feet to the ceiling, and had 
three sun-bumers with tubes passing through the apes of the 
^Kfoof^ and these tubes were surrounded by large cylinders- for 
^fthe exit of aLr from the building. Being desirous of measur- 
ing the actual difference of piessuie of the air outside a 
building and the air Inside, and thinking so high a hall would 
afford a good opportunity, a pressure recording instrument 
was fixed to see what the difference was. The temperature 

■outside registered only 30° F., and the difference of pressure 
was nattirally considerable, but, surprising as it was, at inter- 
vals of about a Qiinute, the pressure inside the hall increased 
^L until it was not only equal to that of the aix outside, but 
^Kactually very appreciably above it. The building was well 
^^heated by hot water coils for the experiments, and every 
inlet was opened to the full. The pressur-e indicator was 
examined frequently and always with the same results. 
Taking the point of the least internal pressure as the first 
objsen'ation, it took about half a minute to reach the point 
of highest ititernal pressure, and rather less than half a 
^minute after to reach the point of least pressure again. The 
^BfirsC five seconds after the least pressure was reached, there 
^■was a. gradual rise, followed by double such an interval of 
^^rnore rapid increase ; then there were a few seconds of lesser 
increase, followed by a lengthened period during which the 
instniment remained almost steady. When the reduction of 
iniemal pressure began again, much cold air still descended, 
and there were ten or more seconds during which the reduc- 
tion in pressure was gradual, then, for about half that period, 
a very rapid decrease occurred, followed by several seconds 
when the instrument was steady and almost stationary at the 
point of least pressure. 

From the results of these and subsequent experimeiits, it 
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was fouTid that when the atmosphere in a large building is 
very hot, the period of least pressure referred to is extremely 
trying, because the quiescent foul air is re-breathed, and the 
effects are increased probably by the electrical conditions due 
to the sudden expansion of the air; but when the fresh air 
commences to pour down, the oppression decreases until the 
point of greatest pressure is nearly reached. During the 
period of comparative rest at the highest pressure the dense 
air is being heated and expanded, and, until it begins to move 
upward, the breath of the audience is inhaled, and a feeling 
of oppression experienced. When a large volume of aii 
descends, the waves flow over one portion of the building, 
and, owing to the sudden compression, not much of the fresh 
air reaches the level of the sitters, so that during the periods 
of greatest pressure the air is so beaten back as to become 
very foiil, whilst during the period of least pressure the 
conditions are even worse. 

A point of much interest is the fact that, owing to its 
elastic properties, the denser and colder air descended 
and compressed the layer underneath so much by falling 
through so great a height, that the pressure due to the 
density and velocity of the descending current upon so elastic 
a body gave rise to a greater pressure inside the building than 
there was outside. The coldness of the night, and the heat- 
ing of the building inside, considerably helped these results, 
which the author never succeeded in getting in a low building. 
It was found frequently, however, that alternating aJr currents 
at their greatest pressure in high buildings in winter, b^t back 
the inlet currents near the ground level, and in several 
instances an anemometer held in a narrow opening in a door- 
way leading to a church turned rapidly inwards indicaring 
an up current, and then stopped and subsequently turned 
outwards during the periods of greatest internal pressure. 

In the hall mentioned, there were a number of hot water 
coils near the outer walls with air inlets behind them. The&e 
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were tested with a. very delicate anemometer, and during the 
period of greatest internaJ pressure some of the air in the 
building was forced out through the fresh air inlets, the great 
elasticity of the air doubtless having much to do with this. 

In high chur-ches having much outlet space in the roof and 

healed by hot water pipes, where aliernaiing air currents 

abound in winter, it often happens that the fresh air inlets 

are checked and act as outlets during the period of greatest 

pressure ; and when the period of reduced pressure 

commences they act as inlets again. When, however, 

the period of rapid decrease in pressure is reached, and the 

temperature oi the air outside is very low, such a deluge of 

|Kcold air ascends the gratings that the audience cannot stand 

^Vit, and the consequence is that the inlets are shut altogether, 

and the ventilation of the building considerably impaired. 

Where sun-burners ate fixed underneath ventilators, and air 

I shafts passing thiough the roof, it is not very difficult to watch 

^■the progress of down draughts and intermittent air currents, 

^Bby carefully observing how the gas flames ace affected. If 

^Pthere is a continuous and powerful up current, the flames 

point upward and become elongated. IE the up current is 

violent, as it is where powerful alternating currents are formed 

I in consequence of the top exit space being much too great for 

^Kthe low temperature of the air outside, it may be, as it was in 

^"the case of the public haJl to which reference has been made, 

that the luminosity of the gas is more or less lost owing to the 

I flames being rendered blue by the quick movement of the 

I air. If the building is high and has two such sun-burners 

I and much top outlet space, then, in cold weather, the flames 

^■cf the two burners will appear irregular, showing that there 

^Hu sometimes an up current and sometimes a down draught. 

^■In less cold weather it will be found that one of the sun- 

^■bumers will show a continuous up current, and the other 

^■sdmit a more or less, severe downpour of cold air at intervals, 

according to the frequency with which the doors are opened, 

2 
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an<J the temperature of the air outside- A careful obsei 
can tell froul the flames how matters stand, but, unfortun- 
ately, the tubes fiom the siin-buraers are not responsible fo^ 
all the mischief. Then, again, the majority of chwches 
public buildings are not furnished with sun-burners, 
those which are, are rapidly becoming fitted with the electric 
light. Iq order to try and prevent dow^n draughts, it nofl 
unfrequenCly happens that when the electric light has been irl- 
stalled the sun-burners are used to cause an up current. This 
is a great waste, and can be obviated without much difficulty, ■ 

It must not be forgotten, therefore, that in high buildings^ 
the top outlets require to be under perfect control, otherwise, 
when a reasonable supply of fresh air has been provided near 
the floor level, this supply will be rendered inoperative by 
the action of the alternating air currents in the building. 
Excessive top outlet space is always the cause of the mischief, 
and, when the greatest pressure is formed inside the buildiag. 
no air can come in at the bottom. AVhen the least internal 
pressure occurs, the suction on the air inlets near the 
floor level is so great, end so much greater because of the elastic 
nature of the air, that in spite of the best provision for warm- 
ing the air as it enters the building, the fresh air will pass 
in so rapidly that persons cannot endure it in veiy cold 
weather, and the air inlets will be sAut. 

By careful observation, it is alite possible and interestini 
to note the form which the waves of air assume under the 
influence of intermittent air currents. These waves will vaJ 
in length and depth according to the height and other dimen^ 
dons of Che building, as well as upon the position from 
which the greatest downpour of cold air comes. The church 
which is described in sequel, and shown in Fig. 19, p. 85^ 
having one large outlet above the dome, is so high an^ 
'Spacious, that the cold air falling and giving rise to intermit- 
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compresses the lower layers of air and 
'°'ms waves like those shown in Fig. i. These waves have 
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' horizontal undulations, and their crests, for the most part, 
are not high. The falling cold air compresses the layer 
underneath, and at the- same time spreads outwards as it 
falls. Fig. I represents the waves formed by the cold air 
streaming through the opening in the top of tlie dome. A 
few seconds later, and the falling air has compressed the 




Fie. I. 

lUnospliere in the building to the utitnast exteiitj and ini- 
mediately afterwards the coid air becomes heated, expands, 
and gives rise to the upward movement, when the position 
of the crests of the wave will be, naturally, reversed. The 
doors are opened frequently to admit persons, and the pres- 
sure of the air coming in presses against that just above the 

Fio.a 

1 level of the seats and forces it in the direction of the pulpit, P. 

When this occurs, the lower waves during the downpour of 

cold air become shorter, and have much higher crests in 
I consequence of the forward motion, and the form of the 

undulations somewhat resembles Fig. 2 — the short waves with 

the high crests being next to the pulpit end. 
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The church mentioned in Chapter V., tmd shown in Fig. iS, 
has a considerable down draught from one of the ventilators, 
whilst there is a strong up current through the other. The 
movement qE the air is chiefly from one end of the building to 
the other, or pulpit end ; but there is a lateral movement 
induced by the circulation of hot air, and in this case the 
waves of the intermittent air currents approach in form to 
Fig. 2. 

In theatres and buildings which are very high compared to 
the width or diameter of the free air space or uninterrupted 
column of air, and where a huge chandelier is fised linder the 
dome at the top, it frc:q_uently happens that the outlet space is 
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very excessive when compared with the area ot the inlets, and 
alternating up and down movements of the air are very 
marked. These movements may not inaptly be compared to 
those of a spiral spring, Fig. 3, when it is compressed and 
released, only that the waves would be more horizontal at the 
points facing those portions of the building where the chief 
open spaces occurred. 

Owing, however, to the elastic nature of the air, the wave 
movements are not mechanical, but responsive to the various 
local influences which surround them. It will be evident 
from the illustrations that the waves must vary in length and 
form according to the circumstances mentioned. 





The importance of wind action in causing the movement of 
air has been long recognised and appreciated, but the vaJue 

I of the aspirating powers of the wind in inducing ventilation 
in public buildings is much overrated. This overrating is 
due to a variety of causes. 

(i) As to the average velocity of the wind. Where 
observations of wind pressure are taken, it is usual 
to fix the anemometer in the most open space where the 

, wind has free play, and also to set the revolving vanes 
as high as possible. Obser\'ations of this Icind are 

I comparative, and of value for making tables, but they throw 
no light whatever upon the manner in which the wind acts 
at the top of a building surrounded by other houses, or 

llhe velocity with which wind travels over sut;h a building. 
Recent experiments with kites fitted with recording instru- 
ments, have shown that the i^elocity of the wind is generally 
twice as great at the altitude of 1,000 feet as it is in the 
open country near the ground level. Again, the friction 
caused by the wind passing over buildings is so great that 

pt is scarcely possible to demonstrate it accurately. Those 

'who stand in an open square or park near houses over 
which the wind blows, wilt soon learn how greatly the velocity 
of the wind is accelerated the moment it leaves the roofs of 
the houses. 
J/ the average velocity of the vrind at tHe tecoiAm^ ?,\.a-'C\OiVi 
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is eight miles per hour, it will be safe to assume thai in 
London and large tovms it does not exceed four miles pet 
hour as it sweeps over the roofs and housetops. Further- 
more, it must be noted that the average velocity of the windK 
largely increased by the equinoctial gales, and these winds 
are usually very choppy and gusty in the extreme. Nothing 
tends so much to interfere with steady ventilation and to over- 
turn the mechanical and other arrangements of Che inlets and 
outlets as do these winds. After, therefore, deducting iTif 
pressure due to winds which are injurious, the av-erage as- 
pirating power during the periods of the year when it would 
be most serviceable is a small and very uncertain quantity. 

(i) The second reason why the value of wind aspiration by 
the aid of pneumatic cowls and ventilaturs has been overrated 
is because air is one vast ocean, and, in all cases of ventila- 
tion, no matter how small or how large the building is, the 
air is one continuous body or mass. The connection between 
the air in a building may be so minute that it is just the 
chints around the doors and windows, and if the atmosphere 
in a building is compared to a promontory, then it is united 
to the mainland by the narroM^est isthmus, but there is such 
an isthmus, and all the physical effects which occur as the 
result of wind action upon the main body of the air outside 
are more or less communicated to the air inside the building. 
The larger the openings — the inlets and outlets— the more 
the wind effects will be felt inside the building, but the chief 
point to notice is that the aspiration of the wind may be, arv 
often is, greater upon the inlets near the floor level than it 
upon the ventilators above the roof. In the case of a 
upon a hillside with buildings above it on the side 
hUl immediately facing the wind, the wind effects 
mouth of the ventilators on the roof will be reversed; 
t-of aspiration there will be increased pressure, which 
forie air outside down into the building. The f 
'ch frgm which, in this case, aii is taken to stj. 
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inside, adjoins a street crossing the brow of the hill, but there 
'5 also a free space adjoining the church itself. The wind 
sweeping along this street aspirates powerfully on the inlets 
ai (he ground floor level, the result being that if the ventila- 
tors on the roof are open they act as inlets, sending volumes 
of air into the building at every gust of wind, causing such 
violent down draughts that the ventilators on the foof must 
be kept closed. In this case, and there are plenty of churches 
so situated, the wind effects are baneful, and the so-ealted 
L pneumaiii, or atf-pump vinti!at/>r, is a self-acting dmiin 
^mdraug^ producer. 

^M {3) The third reason why the value of the aspirating powers 
^■of the wind in inducing ventilation has been so greatly 
overrateid is because the physical laws bearing upon the 
atmosphere are not sufBciently understood. The law which 
governs moving bodies not only applies to wind, but the 
effects aie greatly complicated by the Elastic fropcrtiis which 
air possesses.! -phe wind blowing over the tops of houses 
a<^ross a street, not only draws air out of the street, but re- 
ft duces the pres-sure upon the air in the street by expanding 
Hit with a pull equivalent lo the force which gives rise to the 
B velocity of the wind. The air in the street (which must have 
no outlet in this case) may be compared to the fixed end 
of an elastic thread, and the effects of the wind blowing over 

»the buildings across the street, to a person's fingers pulling 
a.t the free end. As long as the velocity of the wind con- 
tinues, the air in the street is expanded and drawn out like 
the elastic. When a gust of wind ceases, the expanding 
effects cease also, and the air contracts to its original bulk 

■ like the elastic does when it is released. 
It is this: elasticity, this sudden expansion and contraction, 
which requires to be understood. It is either unknown lo the 
ventilating engineer, or else it is ignored by him, but, all the 

'The subsiRnqe of what follows was i;ommuniciLted Lo ilic Biicish 
lAsBDciation at the Bradford Meeting in iqod. 
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Mme, it is the most potent factor which tncrea.ses the diffi- 
culty of ventiJating buildings, and which readers the aspira- 
tion of the wind not only \-alueless under existiiig conditions. 

lUl absolutely unmanageable. It is no secret to the architect, 
the ventilating engineer, or even to the public, that what 
IE wanted for churches and halls of assembly is fresh wanned 

ir introduced at the floor level, and that buildings are most 
sadly deficient in this particular. It is equally well kcom 
that cold air inlets cannot be endured when the temperature 
is low, the consequence being that there is much less pressure 
inside the building than there is outside: Let it be assumed 
that the building having the self-acting pneumatic ventilators 
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tthat trie building having the self-acting pneumatic ventilators J 
Dn its roof is situated tn the best position possible for thefl 
wind to act upon them — the hall is upon the top of a hillock, ' 
the roof is much higher than those adjoining, and the wind 
sweeps over the open country with great aspirating force.' 
The consequence is that the air inside the hall is drawn out- 
expanded, like the india-rubber thread mentioned above, and, 
by reason of the large outlet space on the top, and the smallj 
inlet space at the bottom, the air in the building is greatly 
expanded during the time a gust of wind is blowing ; hut the 
moment any lull occurs in the pressure of the wind, or the 
gust ceases, the air in the ball, like the elastic thread referred 
to, contracts, and as very little air gets in at the floor level, 
and that little under much friction, the air in contracting 
draws a supply, to fill the partial vacuum, along the lines 
of the least resistance, which in this case is down the venti- 
lator. It will be seen, therefore, that if a building is 
situated in the best position foE ventilators which are designed 
to aspirate by wind action, and they do as^iratt, the effects 
are as inimical to good ventilation as it is possible to be.j 
The effects to which I have referred were proved by experi^ 
ments and demonstrated with a large mode!, and there is n 
doubt that the ingenuity of the ventilating engineer should be 
directed to shielding the mouth of a ventilator from wind 
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action, rathei than trying to devise methods to utilise the 
action of the wind so as to aid the ventilation of churchee 
and public buildings, 

It is claimed, sometimeB, that certain roof ventilators hive 
,a peculiar property of inducing air currents through them, 
as it can he shown by an anemometer, or any deli-cate means 
which demonstrates moving air, that even in weather so culm 
that no wind can be detected, there is air traveUing through the 
tubes of such ventilators. There is no reason to deny this 
Statement that air ascends ventilators when no wind is blowing, 
but it should be understood that such will be the case with 
ail venliJatars, however little or great their pretensions, whilst 
the open tube will still be loiind the most effectual in this 
particular. H is easy to explain why a current of air gener- 
ally, fitfully or intermittently, ascends the ventilators in 
empty buildings when no audience is present. In winter the 
building is warmed at intervals and the walls retain their heat 
for some time, so inducing a current to circulate. The inside 
of the building is sheltered, and warmed by other buildings 
somewhat. The building whether in a hollow, on level 
ground, or on a hill top, is influenced by the flowing wimi, 
more especially as the roof outlets greatly exceed the ground 
inlets in area. In summer the roof is heated by the sun, 
and a current of air is caused to ascend the ventilators in 
consequence. 

Ventilators, w/iic/i are called sclf-ading, do not canst these 
wdueed currents — it is the physical effects due to heat and the 
general aspiration of the wind, which form them — and they are 
fanned whatever kind nf vtn tiiator or open fvbt h used upon the 
roof. 

tWhen a current of aif is blown right across the outlet 
plates of the models of pneumatic, self-acting., or pumping 
Teatilators, as is usually done by those who sell them, they 
exhibit considerable aspirating powers, but the pressure of 
the breath employed represents the blowing of a violent gale. 
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There is nothing like ocular demonstration to convince the 
public, and when one sees ihe cotton wool ascending in the 
tube of the model, it doa look a« if the ventilator must be 
eflfeclive. To test the value of such a model, a strong cuirent 
of air measuring a foot square, produced by a fan -or blower, 
should be diiected against it, when it will be found that the 
current, like the wind, is neither discriminating not obliging 
enough to blow jgst at the right point or upon the right side 
of the exit plates ; but full against the openings between the 
plates immediately fronting the wind, and so the suction oi 
aspiration is neutralised. After testing the value of the 
loodei ia the current of air suggested, the head of the venti- 
lator should! be removed, and the air current directed o?er 
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Fig. S. 



the end of the open tube. On comparing the aspirating 
effects of the air current upon the open tube with those 
produced by the air pump ventilators there will be a most 
striking difference in favour of the open tube, amounting from 
two to five times, according to the form of the pneumatic venti- 
lator employed, and to the shape of the end of the open tube. 
If the open Cube is cut off like Fig. 4, and the wind blows 
against the left side, the aspirating effects are nearly twice 
as great as when it impinges against a pipe, Fig. 5, with a 
mouth level all round. An ordinary revolving lobster cowl 
is four times as effective as the best ventilator of the air 
pump variety for inducing a current of air by the wind, but 
either is capable of upsetting the ventilation of a closed 
buUding ; and, as before stated, wind suction is too irregular 
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and uncertain, and often too violent, to be of any practicable 

tse in ventilating chtirchea and public buildings. 
It has been slated that the extracting e-fliciency of an 
utlet ventilator depends upon the surfaces exposed to the 
aspiration of the wind, and not so much upon the diameter 
of the tube itself. Such a. statement is most misleading. 
The volume of air aspirated by the wind must always be 
inversely as the resls-tance or friction enrountered, and as the 
H friction increases greatly with every decrease in the diameter 
■of the tube the volume aspirated does depend primarily upon 

the diameter of th.e outlet shaft. 
^m By cutting off a tube slantwise at the lop as above, Fig, 4, 
^Pit IS seen that the great friction which the air encounters 
against the lip of the tube, Fig. 5, has been removed, and 

» nearly double the air will be aspirated in consequence. 
The result is due to the decreased friction, and the extra 
volume aspirated is not proportional lo thi length of tht slant, 

tbut to the lesser friction which the air encounters. 
In the turret form of extractors the frktion is not reductd in 
tht head itseij by increasing the height and exposing more 
I aspirating surface, so the suction power of such a ventilator 
^■must be proportional to the diameter of the inside tube and 
" [he friction encountered in the head. The fact that the wind 
ispirates so much more powerfully upon an open tube than 
' by means of any extracting ventilator, no matter how much 
surface is exposed, shows how great is the friction, which 

»ihe winrJ encounters in aspirating the air through the head 
of the ventilator. 
What the condition of the atmosphere in large towns would 
be if there were no wind ic is dilfirult to tell, and, during the 
summer and hot weather, the ventilation of houses and public 
1 buildings is very largely dependent upon the moviement of 
I the air due to the breezes and currents formed through the 
unequal heating of the earth's surface by the sun's rays. 
The ventiladon of churches and pubHc buildings, in 



28 VENTILATION AND MANAGEMENT OF CHTJKCHES. 

sumnaef, requires the attention and observation of the care- 
taker to be exercised to the fullest extent if he is going to 
accomplish his duties in a successful manner. All that is 
usually atlempteri, however, is to open certain windows or 
movable panes aJI aver the building, and, having done this, 
it is often thought that the ventilation is as complete as can 
be attained under the circumstances. This is not the case, 
however, and, just as the careful noting of the temperature 
of the air outside a building is the naost effectual piecaudon 
in attending to winter heating and ventilation in churches, 
etc.. so is the appreciation and knowledge of small wind 
currents of the greatest importance to the caretaker in keep- 
ing the atmosphere of his building in the best condition 
during the summer time. Furthermore, he should note just 
■what the wind effects will he upon the windows, doors, and 
other outlets or inlets of the structure according to the 
direction from which the wind blows. 

The church or public building which has a delicate wind 
vane will furnish him with the direction of the wind, and he 
will be able to know if the force is appreciable from the 
movements of the vane. All new buildings ought to be ao 
provided, but an intelligent man who once realises the value 
of air currents, properly directed, will soon discover the 
quarter from which the wind blows. 

What the effects of the wind will be upon the doors, 
windows, ventilators, etc., is a different matter, and one which 
has not been previously determined. The author made a 
series of experiments extending over some years, and the 
results obtained were partly communicated to the British 
Association at the Bradford and Glasgow meetings in 1900 
and 1 901. 

Having noticed the violent effects of the wind upon house- 
tops, and the ventilators upon churches, etc., against which 
the wind impinged as it moved over a square or public park 
in LondoHj and not being able to e^lain the reason of these 
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efifecEs satisfactorily, a, series of experiments were cairie:d out 
^■oipon a perpendicular cliff and promontory by the seaside. 
^HThe results of such enperiments showed that a,ir as it impinges 
^Bipon a perpendicular surface sticks, so to apeak, and forms 
' a cushion against the walls of houses, etc. As the air strikes a 
perpendicular surface with considerable velocity it flattens out, 
and tends to rise upward above the top of the building. A 
further upward movement is imparted to the air near the 
gioimd level by the forward motion of the upper stratum of air 
flowing over the lops of the buildings, and, during a modera.te 
breeze, the flattening out against a perpendicular surface 
together with the upward twists caused by the wind currents 
above, give sufficient verticEd movement to the air to neutralise 
the forward pressure of the wind, and the author frequently 
found he could hold a thread of silk within about two feet 
from the upper edge of a cliff uninfluenced by the wind, 
showing that nee movement of air occurred at that point. 
When the wind exceeded 10 miles an hour, the velocity of 
^he forward motion destroyed the protected ajea close to 
the edge of the cliff, but further inwards the onward move- 
[lent was much restricted. 
The results obtained from these experiments which throw 
le greatest light upon the reason why the wind aspirates 
to powerfully upon the housetops and ventilators upon build- 
ings situated in front of open areas, and in the teeth of the 
prevailing winds, are the following. When the wind is what 
is called gusty, it has short wind waves with high crests ; when 
Ithe wind blows steadily, the wind waves are longer, and 
llhe crests inappreciable. When the high crest of the wind 
jvave is approaching the top of a building it gives rise to a 
vety powerful upward movement, hence It is that chimneys 
or ventilators upon buildings some distance from the front 
[walls have great upward suction exerted upon them during the 
time when the crest of the wind wave is being reached, whilst 
the next moreient as the crest passes and the hollo<w is ap- 
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proaching there is no suciton at all. When the wind blow^ 
horizontally across the ventilators on a building, it meets 
with much friction, and its aspirating power is consldeiablj 
weakened. A partly vertical movement, such as is caused by 
the high w-irtd wave when the crest Is appfoaching, escapes 
much of this friction, and the volume of air aspirated is 
greatly increased, so that whea a gusty wind tiavels with 
high velocity, the air drawn out of a ventilator or chiinney 
is vastly greater. The partial vacuum formed in a church or 
other building during the upward aspiration of the wind is 
very appreciable, hence the down draughts which result 
when the crest of the wave is passing are also very marked. 
These results explain why it is that gusty winds are so detri.- 
raental to Ventilation. In addition to the vertical efTecia 
of high wind waves it is noted, from the cliff experiments, 
that the movement of the upper wind strata and that of the 
air flattened out by the impact of the wind against a per- 
pendicular surface, hinder the forward motion of the wind. 
It will be seen that some twenty feet away from the front of 
the houses facing a park there is a preteciid area, ajid herftj 
the upward suction of the high wind wave will exert thi 
greatest aspiration. Hence it is that the chimneys UpOl 
houses so situated are so smoky. 

Further experiments showed that the small whirlwinds ii 
towns were local, and due to the twisting motion given ti 
the air by bends in a street or crescent, and by suction upon 
other streets leading out of those along which the wind wai 
blowing. These small whirlwinds have a powerful upwan 
movement, generally due to increased velocity of the wioi 
just above the ventilating area. When wind blows along i 
wide street (see M. S, Fig. 6) and there are openings into 
Other streets, R R R, at right angles to the direction of the 
wind, air is aspirated out of the cross streets. But the wind 
travelling over the tops of the houses, H H H, and over the 
Streets situated at right angles, R R R, also aspirates air out 
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o( those streets. The wind blowing down the main Streeti 
M. S, meets with less resistance than that flowing over the 
housetops, and Ibe aspiration out of the streets at right angles 
is greater^ horizontally, at the ends adjoining the main street 
than it is in the vertical direction across the housetops, the 
consequence being that a sharp twist is given to the air drawn 
out of the side streets as it joins the wind blowing down the 
main thoroughfare. The high crests of the wind waves also 
give a sudden upward jerk lo the air in the main street as 
it passes every cross road because of the larger volume of air 
which it meets and of the less resistance as at U U U. ff 
a house on the corner of two streets happens to be higher 
than the others, the wind effects are generally very marked 
Upon it, as shown by the fantastic chimney pots usually fixed 
in such a situation. 

The church, C, Fig. 6. or a large public building so 
situated, will be subject to the same wind effects, and the 
aspiration of the wind will influence two sides of the building 
at the same time. If the door. D. is in the main street, and 
there is a ventilator at V on Che roof and both are open, 
the suction at the door as the wind is blowing along the 
street, M. S, will cause a down draught from the ventilator 
when the windows are shut. If the window W^ or W^ is 
open, the air will be drawn towards the door. If W^, W^ 
and W* are open, then air will pass out through W*. If 
the s:pace B at the back of the church is narrow, and panes 
are open in the end window, the outward aspirating effect 
will not be great when the doOr is shut, but, if the space be- 
tween the church and the houses is wide, then ihe aspirating 
effects of the wind blowing above W' will be considexable, 
and mt will he drawn out of the building. There is a large 
window over the door. D, and when the door is shut, the 
ventilators in the window, if open, will be aspirated by the 
wind blowing down the main street, M. S, and much air can be 
drawn out of the building. As the church is higher than the 
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biiildirigs adjoining, the pressure upon the windows W^, W* 
and W^ will be slightly inwards. 

Hainng obtained this information, how should the window 
openings be arranged to afford the best summer ventilation ? 
—the movement of the wind, though slight, being in the 
direction of th€ arrows. W* should be full open; W^, full 
open; W^, full open; W^, full open; W*, half open. After 
noting the Eemperatnre outside, W^ and W should be regu- 
lated so that the draught is not unbearable; always remem- 
■ering that the movement of the air will be accelerated after 
the audience assembles. The same remarlc applies to W^, 
which can, however, be more open than the other two. If 
all the window ventilators are full open, the force of the 
movement of air in the direction of from W^ to W^ will 
throw the breath bacik upon the audience, and the value of 
W^ Buid W^ will be much lessened. 

As another example of summer ventilation, a similar church 
s situated at C^ ; it is higher than the houses at H, so there 
will be upward suction over the area between the side of the 
church and the bouses, but the wind will blow dead on with 
all its force against the side where the windows W^, W^ 
and W* are situated. As the tops of the houses are above 
the ventilating panes in W^. they must not be opened too 
wide, and a down current should be avoided, especially when 
the wind is strong. If the door, D, can be opened somewhat 
during service it would be very helpful to ventiJate the 
church in hot weather when a shght breeze is blowing in the 
direction of the arrows; and the apertures in the windows 
above should be open to their full capacity. The openings In 
iW^, W^ and W* must be regTilated so as to avoid over strong air 
currents being produced by the wind pressure upon them. 
The apertures in the windows 5, 6 and 7 should act as outlets, 
ut had better not be opened too full else the draughts from 
2, 3 and 4 will be much more pronounced. 

C^, Fig. 6j is a small church, but the door and window 
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above lace the wind. Windows 5, 6 and 7 should be 
judiciously opened, as the air movement will be from W^ 
to W*. The rhurrh being higher than the houses, and the 
wind pressing against the door and window above, thfese may 
be used to let air intn the building in siinitner. W^. W'' and 
W^ wil! act powerfully as outlets and should he regulaled in 
accordance with those mi the other side of the church — W^ 
and W3 being gentrally more open than W*. The wind 
blowing along tht sides and ridge of the roof will aspirate 
air out of the area B, and so out of the apertures in W, 
which should be opened as wide as possible, but not sufficient 
to cause intermittent air currents. 

The church C" is so situated that it can be venlilaleil 
admirably in Kunimer with very slight wind, and C and C are 
not difficult to work. If the wind, however, blows from the 
opposite direction, C becomes very like what C is when ihe 
wind blows as shown by the arrows, only that the hoiises in 
front o£ C will break the force of the wind at W^, W^ and 
W^. If a church is surrounded by buildings as high as 
itself, the problem becomes, more dilBcult, and a large high 
roof ventilator will be most senlceable if the church or build- 
ing is not upon a street comer, or In an open position. 
When wind blows over housetops, it causes suction upon all 
those which are not high enough to catch the impact of th« 
wind, and, as in the case of the open tube alluded to in 
this chapter, the flowing wind will aspirate powerfully as it 
blows over the open roof ventilator. If a church or hall 
is surrounded by buildings higher than itself, the only chance 
to ventilate it in summer without mechajiical aid, is by the 
upward suction of the windj and it will be found most 
effectual not to throw windows near the top of the building 
too open, whilst those near the floor level .should be as wide 
as possible and the doors open also in warm weather. The 
aspirating power of the wind is greater near the top of the 
building than al the floor level, because the air is subjected 
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to less friction- If a church, C^. or a hal], as the case may 
>e, is dosed in by buildings on three sides, and the door 
>peas on to the street with a window over it, there should bt; 
lentilators high up of good sine for outlets, and these, and 
the door if possible, should be opened wide in hot weather. 

After observing the wind aspiration upon apertures in 
I windows, one will be prepared to learn that the suction upon 
other inlets and outlets by the wind will very frequently over- 
turn the provisions made for ventilating buildings. These 
overttiming effects may he, and often are, accelerated! by the 
arrangement of the heating apparatus in a building. Let 
^^S A, Fig. 6, represent the firsit floor over a free library used 
^Bels a science and art school. The front door, D. faces the 
■• prevailing winds and is kept open. The library and rooms 
|i on the ground floor are heated by hot water pipes, and there 
^■is a staircase that goes up to the science and art classrooms 
" on the first floor. There were no folding doors to this 
staircase, the consiequence being that much of the heated air 
^■from the ground floor was forced up to the passages on the 
first floor where the air pressure was so great that the Tobin's 
shafts, indicated by X X X, acted most powerfully as outlets. 
H In the church, C^. there are Tobin shafts at the point 
^ X X X, and when the wind is blowing atrongly in the diiec- 

Ition of the arrows, and the door D shut, the Tobin shafts will 
be so powerfully aspirated by the wind that they will act 
iis outlets. 
Let the block T H, Fig. 7, represent a towa hall situated in 
its own grounds, Tht prevailing winds blow in the direction 
of the arrows, and there are Tobin shafts, X X X, on the two 
floors, on all aides of the building. The heating is done by 
radiators in each room, and the foul air outlets pass into the 
passages near the ceiling and also through the gratings in the 
I outer walls. The pressure of a moderately strong or Strong 
wind blowing against the front of the building drives sir up 
the Tobin shafts in immense volumes, and so much trouble 
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has been caused in caid weather that the shafts are rarely 
opened at all. And even when the Tobin shafts are closed, 
during stronn; winiis, the down draughts through the gratings, 
which were iiilended for outlets in the front wall, render the 
looms very draughty and cold in winter. Nor is this all, for 
the outlets into the passages at the back of the front roomi 
deliver huge volumes of foul air into them, and cause extra 
pressure upon the doors of the rooms on the other side, so 
that when a door is opened, the Tobin shafts and the exits for 
foul air through the outer walls at the back of the building 
ponr out the foul air from the front rooms. Furthermore, 
the aspirating effects of the wind give rise to a decreased 
pressure upon the back part of the building, and the Tobin 
shafts frequently act as outlets, especiaHly during gust)' winds, 
Again, the Tobin shafts upom each end of the building are 
aspirated by the wind, and act as outlets during every strong 
gust or blow, and as inlets during every lull, so that a steady 
fitiw of air is impossible. 

The block. Fig 8, roughly represents the ground floor of 
a Board School, showing classrooms, C Ra and C Rb, with 
central assembly hall. The classrooms are all heated by fires, 
the flues of which run up in the comers of the rooms, as 
marked at F. P. By the side of each flue an exit shaft for 
foul air extraction is carried up, and this is heated by the 
chimney. No provision has been made to admit fresh air, 
and if the windows are closed in winter, the air in the dass- 
rooms is under much tension. In other words, the pressure of 
the air outside is appreciably greater than that of the air 
inside, and the pull upon the air caused by the foul air-shaft 
as well as that due to the chimney, draws out or expands the 
air in the classrooms to a very appreciable and sensitive 
limit. When the wind blows powerfully in the direction of 
the arrow it aspirates upon the windows in the two ends of 
the building, as also upon those on the further side, the 
consequence being that much less air gets into the cla8»r99i^ 
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and, as the fires ^eadj sUiun the atmosphere to its utmost 
limit of tension, every severe gust of wind causes the chinirteys 
lo smoke. The side of the building ag;ainst which the wind 
blows has extra air supplied by the wind forcing it through 
the window thinks, aad tht ventilation is fairly good ; but 
when the wind blows from the opposite direction, the class- 
looms, C Rb, are affected whilst the chimneys, being rend'Cred 
too sensitive, always smoke during gusty wimls. 

With a view to obviate these results the windows are kept 
more or less open, and during ver)- cold weather, when there 
is little wind, the fires draw very well : but it is difficult, 
indeed, to picture the condition of the nerves of the head 
imd the eyes of the boys and girls who have to sit for many 
hours right under the deluge of cold air flowing over them. 
It is most unfortunate that such a state of things is allowed 
to exist. Furthermore, it is found that the aspiration of 
gusty winds in spring and autumn when they blow in Che 
direction of the arrow, will diSiW ajr out of the rooms if the 
windows are o-pen and overturn both the smoke in. the chimney 
flue and the air in the foul air exit, the consequence being 
that to avoid the downpotir of smoke and soot the windows 
must be shut, and the condition of the ventilation at such 
times is deplorable. If the wind blows from the opposite 
iJlrection, then the classrooms on the other side are similiuly 
affected : and if the wind blows strongly from D Co D, the 
classroonns on both sides are more or less subject-ed to the 
evils which result from Che aspiration of the wind. 

The b!ock( H L, Pig. g, is a rough outline of a hospital 
building, the wards being cut short as shown by the broken 
lines. XXX are Tobin shafts, and from the action of 
those in Fig, 7 it will be seen how with one wind they will be 
inlets, and with an opposite wind, outlets. The heating of 
this lirst flooi: iij by hut water pipes chiedy, but at either 
end there are two coils, and opposite each coil in the oute 
wall there i.s an inlet grating. The ht^pital is on Ir 
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gruund, and there U an itpvn space at each end — the conse- 
quence being that very powerful suction is esercised upon the 
gratings at the ends of the building when a strong wind is 
blowing. If the hand !s held near the gratings it will be 

found that the wind pressure upon the Tobin shafts facing 
the wind supplies enough air to lei the wind aspirate freely 
through the gratings at either end, and the air heated by the 
roils as it passes through them is drawn out through the 
gratings Into the open air — a result little expected, doubtless, 
by those who fixed the coils. 

In order to condense the matter o/ this chapter, let it 
be assumed that two air inlet gratings, G, were fixed in the 
outer walls of each classroom in the Board School, the effects 
produced upon these would be similar to those upon the 
windows, and they would sooietin:ies act as outlets. Where 
air gratings are fixed near the ground to supply fresh air to 
batteries of pipes, or to the flow and return under the aisles 
of churches and halls, it is very necessary to see that the 
aspiration of the wind does not prevent air entering the 
building, especially if the top exit space is sufficiently large 
to cause intermittent air currents in the-sEructure. Tht 
church, C^, Fig, 6, has two such inlet, gratings, [ I, and before 
provision was made to prevent wind suction upon them the 
volume of fresh air was much intercepted when the wind 
blew down the street in the direction of the arrow, fn this 
case, as in that of the gratings at each end of the hospital, 
it is possible to prevent wind aspiration. The results pointed 
out are, however, rarely ever suspected, and, unlit the action 
of the wind is better understood, it is to be feared that little 
effon will be made to remedy matters, 

Example after example can be given of buildings wher« 

natural ventilation, as it is sometimes called, has been 

adopted, and where calculations had been most carefully made 

^^t»j" fjiact outlet space nece.>isary when so many Tobin shafts 

^M area, were furnished, but the po.wtion of the build- 
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ing in the town, the probable action of the prevailing winds, 

and the ground swirl or suction, never reciiived a thought. 
The consequence is that all th*ae nice calculations are useless, 
ajid Ihe system ( ?) of ventilation has its action reversed every 
time there is a strong breeze or wind blowing. The larger 
the apertures in the shaft inlets the more violent will be the 
wind effects ; and before leaving the question of Tobin shafts, 
it is well to learn definitely that whether these or other form 
of inlet is provided, the area of each should be email and 
mu-ch subdivided. 

The outlets in the form of towls, roof vertilators, turrets, 
louvres, etc., are tisually fixed upon the top of the roof, and, 
when these are so situated as to be above the surrounding build- 
ings, the wind eifecis upon them need not trouble the care- 
taker much. As already hinted, the turrets should he so made 
that the wind does not aspirate strongly upon them. In the 
case of churches, halls, or other buildings upon a steep hii! 
side, and covered in front up to half of their height by other 
structures, the outlets upon the roof or even the crevices in 
it, if there are no ventilators, will be under back or increased 
pressure ivhen tht wind blows against the face of the hill. In 
the case of mission halls, music halls, and small halls of assem- 
bly, these are frequently below adjoining buildings, and if one 
f the sides is exposeil Co the wind and it blows powerfully 
against it. the e:itra pressure at the top of the building hinders 
ventilation greatly. Where the pressure of the wind acts 
ipon the biuttom of a building as well as upon the top, the 
1-^ects are not so marked — it is when the bottom of a hall 
protected by a wall or lower structure, and the top is 
Tsed to the increased pressure and violence of the wind, 
the effects are most pronounced ; and under these cir- 
\nces it will be found that the roof exits will act best 
ipen than when open wide. 





CHAPTER HI. 

THE EFFECTS OF MOIST AIR UPON VENTILATION. 

Among the many problem^ connected with ventilation, this 
is one of considerable interest. The presence of aqueous 
vapour in the air is not accidental, and the fact that ice itself 
yields it to the passing air shows that at 32° F. some vapour 
exists in the atmosphere. Although the quantity present in 
the dry air of the easterly wind, and in the January air 
currents, is small and much below saturation, still there is 
always moisture present. The affinity of air for moisture 
decreases as the point of saturation is being reached, and 
during the most humid weather that point is rarely attained. 
The aqueous vapour is simply steam or water-gas, and is 
transparent and invisible up to the point of saturation. One 
per cent, by volume, perhaps, is a rough average of the 
quantity present in the atmosphere, and, as the density of water 
vapour is rather more than half that of the air, the physical 
effects of high or low humidity do not appear to be of much 
consequence so far as density is concerned, as they are only 
equivalent to about 3° F. of temperature. 

When, however, the moisture in air is regarded from the 
standpoint of the human body shut up in the room of a house, 
or in a public building, the effects are very different. Dr>- 
air is, practically, a non-conductor of heat, humid air is a 
good conductor, hence moist air at temperatures below 55° F, 
feels very cold and uncomfortable, because it robs the heat 

om the face ajid hands and from the least protected por- 
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ions of the body as fast as the blood conducts it to Che 
surface, but dry air at the same temperature is pleasa.nt and 
endurable. On the other hand, moist air at 6a'' F. is not 
unpleasant provided it is uumised with the organic matters 
from breath, but moist air at 75° or &o'^ F. is very enervating 
and trying. The reason is that moist air not only conducts 
heat at this temperature, but causes the vapours evaporating 
from the skin to be condensed upon its- surface without being 
quickly removed, giving rise to a hot and oppressive feeling. 
When the walls of a building are cold, sotne of the moisture 
from the breath of the audience condenses upon thenij and 
upon the floating dust particles cooled by the air which comes 
in contact with the walls. These dust particles so moistened 
rouse the bacteria into rapid and astounding vitality, because 
the organic matters evolved in breath are excellent bacteria 
food, the result being that active decomposition lakes place 
and is manifest to those who enter from the outer air by the 
stale and fcetid smell. Under these circumstances the body 
becomes heated, and, as the air inhaled cannot cany away 
the moisture fast enough, the feelings experienced are dis- 
itessing. Nature has designed that the latent heat which the 
'apour of water absorbs from the skin shall be the safety 
falve to reduce the temperature of the body when it exceeds 
99'^ F,, and it is as necessary, therefore, that the air in our 
homes and public buildings should be capable of taking 
away excessive heat and moisture from the human body as 
it is that the air should supply oxygen for the combustion 
of the food in the lungs and blood. 

De Chaumont {Free. Royal Seciciyg vol. x\\.) showed that 
the effects of an increase (rf one per cent, of humidity was 
equal to a rise of 4" F. in temperature, and far in excess of 
what might be expected, judging from the smell O'f the air; 
but the reason why this is so is not given in his paper. The 
teaults of experience show, however, as already indicated, that 
ibe increase of foetid odotir in the air is due to the increased 
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activity of the bacteria in confined air spaces, and that it is 
greatest near the point of saturation, esperially when that 
moisture is largely the result of breath enhalattfia The 
riiculation of the air against raid surfaces ^^uses a. deposit 
of water mist, and tliis aids the bAcrteria gjeatly in attacking 
the organic matters in the air. 

A problem of considerable interest to sanitarians has arisen 
with regard to the organic matters in eshaled air. Some 
French chemists stated that they had detected toxic poisonouB 
properties in the liquid condensed from breath, but other 
observers who repeated the experiments afterwards failed to 
confirm their results, At the present moment there is not 
-suffirient evidence from which to draw definite conclusions, 
hut ihe subjent is as serious as it is important. The fresh 
liquid condensed from the breath of one individual may be 
quite free from toxic character, but the condensed products 
from a moisture-lad en atmosphere in which a mixed audience 
was assembled for a prolonged sitting of three or four hours, 
and where active decomposition had gone on, would not un- 
likely give a different result. One thing Is certain, that 
every precaution should be taken to prevent the air in 
dwelling rooms and public buildings being saturated with 
aijueous vapour. It is likely that yo per cent, of saturation 
is preferable to anything higher, al any temperature, but it 
will be difficult to keep it as low as this in buildings depen- 
dent upon natoral ventilation when the temperature of the 
outside air is near that of the inside air — in other words, 
when the temperature of the outside air esceeds 55° F. 
^ A point already much debated is as to whether the amount 
of moisture present in the air which has b«en heated should 
be increased in accordance with a rise of temperature, by 
evaporating water where the heating is being effected. If 
the outside atmosphere is below 32" F., and it has been below 
that temperature for some time, it is advisable to add 
moisluri^ artilii'ially, when the air is being raised to 60" or 




EFFECTS OF MOIST AIR UPON VENTILATION. 43 






nore, and this is so whatever method o£ heating is adopted, 
fhsn steam pipes, at a high temperature, or stoves are 
used for heating, it is especially needful that moisture be 
added to the heated air, It has never been shown satisfac- 
torily why it is that moisture added to air which has been 
_hea1ed over iron plates or pipes should relieve the situation, 
but there is no quesition that it does, especially in cases 
'where the products of respiration are known to be absent. 
^^Some compounds, carbides or what not, are formed in small 
^■quantities, and, n'hilst in the gaseous state, exercise a dele- 
^Hteriou.s effect, but combine probably with the moisture added 
^Pto the heated air, and lose their baneful properties. No 
such unpleasant feelings are experienced in air heated over 
hot water pipes which do not exceed 150° F., and, from 
professional experience, the author has no hesitation in 
saying tha.t the addition of moistare need not be a matter of 
anxiety. It has been urged that moisture should be added 
to heated air so as to raise the moisture to 75 per cent, of 
saturation. There is no doubt that moisture shoiild be added 
^_to air heated over stoves, hot iron plates and steam pipes, 
^Hnd it is best to make a point of doing this by providing tins 
^Ho contain water which can be evaporised by the heat em- 
^l|)lo>'ed. Where hot water is used for heating, there is no 
necessity to do this when the temperature of the ait outside 
^■exceeds 45° F. In the majority of public buildings, the same 
^nir, unfortunately, is continually circulating around the heat- 
ing appliances, and the breath of the audience is reheated 
^wDvei and over again. So large a proportion of moisture is 
^^>b[ained from this source, that it is most unwise, mtA the fire- 
sent provisions for the intriKtuclimt iif/resk air at the floor Irvel, 
to add more moisture, because tt must not be forgotten that 
the larger the propo^rtion of moisture present, the more 
rapidly are the matters evolved in breath acted upon hy the 
tiacteria, and the more rapidly, Coo, are iron carbides and 
unpleasant products formed by heated iron plates and strongly 
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healed iruii surfaces. It will be time enough to deal with 
the addition of moisture to the air heated in churches and 
public buildings when the serious deficiency of fresh aii 
introduced at the grountl level has been remedied. Where,] 
as now for the most part, air falls from the roof, and mixingj 
with the breath of the audience, drrulates through the heaCerl 
or around the hot pipes, enough moisture is present. In the' 
few instances where proper inlet provision is made, and the ' 
temperature of the air outside is below 45°, a little moisture 
will certainly tend to remove the feeling of dryness which 
the skin assumes, and the irritation of the eycii which results ^ 
when dry air has been heated over very hot surfaces. | 

Hospital wards should only be heated by air which has ' 
passed over hot water pipes whose temperature never exceeds _ 
170^ or iSo° F. If this is done I think that no moisture I 
should be added except during very cold weather, because 
a dry atmosphere is more exhilarating, and one in which 
the germs are renderea powerless to do much mischief. 

When air is moderately dry iheie is no fear of moisture 
being condensed upon the walls and cool surfaces of wards 
and rooms where persons are gathered who evolve sput££, or 
other germs of infectious disease. The osidation of the food 
products in the lungs and blood appears to proceed mote 
readily and easily when the air, which is heated to a higher 
leoiperalure by being inhaled, carries off a not considerable 
proportion of moisture from the lungs, l^rom experimenls 
carried out in the House of Commons with a view to reduce 
the temperature of the inlet air during the summer, it was 
futind that although it was only lowered one or two degrees 
by passing over blocks of ice there was a " sensation of fresh- 
ness " produced in excess of what seemed probable under 
the circumstances, and this was due doubtless to the con- 
densation of some of the moisture present. 

Much might be said for and against the washing and 
lillering of ait in order to remove impurities. Some of the 
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;ading scientists are in fa.vour of SUi.-h a proceeding. The 
addition of further moisture which results in winter previous 
lo the air being heated is iiot of much consequence when the 
temperature of the air outside is below 50° F., but if it is 
above this, and especially in summer when the air is humid, 
it is not at at! wise to increase the moisture present. In 
summer, therefore, if the washing pioresS is done with a 
small quantity of water which is nearly as warm as the air, 
the result will be unsatiBfactory and better left alone. 

Tt is a point diffif^ult to deteffliine, perhaps, but a debatable 
question notwithstanding, whether it is advisable to remove 
the soot and such like antiseptic niatter from the air by 
vashing and filtering as is done in some large buildings. If a 
large quantity of water can be used in summer and it is cool 
enough lo lower the temperature of the inlet air by several 
Jegtees, then by all means do it because it is unlikely that 
"much more moisture will be taken up. In winter, unless the 
washing can be done thoroughly, it is better not attempted 
in clear weather as: the antiseptic and germ killing ingredients 
are the lirst and easiest removed whilst other and more 
deleterious matters pass the screen. Furthermore, the value 
of the alkaline ingredients accompanying the tarry products 
in maintaining the lungs in a vigorous condition is a point 
I which has not been duly considered. 

^m Where such lengthy sittings occur as in the House of 

^■Commons, for instance, the air driven in should be purified 

^jErom fog, but air which has been washed and filtered without 

having its temperature lowered is soft and enervating. 

Kacking freshness and invigorating power. 
It is impossible to heat by stoves, or to pass air over iron 
itlates healed by a furnace without some carbonic oxide pass- 
^^ing outwards into the air, and, where the conditions prevent 
^Hthis, the organic matters in the air, and especially those in 
' breath exhalations, give rise to the compound. Various iron 
and other products are also generated, and these are so 



~la^ 
i ml 



^^tfld ' 




46 VENTILATION AND MANAGEMENT OF CHURCHES. 

nauseous that people have imagined tte results are due to 
the want of moisture in the ait. The fact is, however, thai 

if hot water pipes are employed, ani5 strongly heated iron 
surfaces art discarded, very little will be heard of the 
necessity to add moisture to the warmed air. In dwelling 
houses where there is furnace or other heating besides 
lirtsgrates, the impurtanoe of adding moisture is mare pro- 
nounced, especially if a person is suffering from throat 
or lung affections, but dwelling houses are not under 
consideration. 

A considerable proportion nf the nioiatute in the air of 
public buildings comes from the illuminants employed, es- 
pecially from coal gas. About one half of the volume of 
coal gas consists of free hydrogen, whilst that in the combined 
slate as marsh gas. etc., when set free, will occupy a space 
approximately equal to the total volume of the coal gas — 
in other words, there is sufficient hydrogen free and combined 

'J 
volume about one and a half times as great as the coalH 
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in coal gas, if it all was in the uncombined state, to yield a 
volume about one and a half times as great as the coalj 
gas itself. When this one and a half volume combines with 
three-quarters of a volume of oxygen, it forms water vapour, 
and the af volumes contract in bulk until they occupy i^ 
volume, I.e., the same space as the free hydrogen occupied. 
Every three jets of gas burning for one hour, and each con- 
suming live cubic feet, will yield twice as much vapour to a 
thousand feet of air as was probably originally contained 
in it, and so may be the means of saturating the thousand 
cubic feet even at the increased temperature. It is this 
moisture which adds to the oppressive, close and clammy 
feelii^s experienced after the gas bias been Ht some time, 
antl the carbon products of combustion are even less to 
bJame- 

In churches, chapels, public halls and theatres, where the 
gas jets are distributed over the interior of the buildings, 
and the heating and ventilation have received so little atten- 
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lion thai 110 \\4n11 fresh air has been aJmicted near the 
floor level, the same conditions or-ciir, and the products of 
gas combuBiion, aiid of breath, circulate and remix until 
coming in contact with ihe walls, windows and other cold 
surfat-es, some of the moisture is preripitated in the form 
of verj- fine mist, and the deromposilion of the organic 
matters exhaled is so rapid, and ihe activity and multipli- 
cation of the hacleria so stimulated, that a person coming in 
from the fresh air gets a sutRciemiy strong e!i|>erienice of 
what foul and ftetid air is like. 

It may be urged that owing to the increased temperature of 
the confined atmosphere the capacity u( the air to absorb 
oisLure would also be increased consiikrably ; and, as this is 
true, it will be well In inquire and define ihe extent. The 
temperature of the air iti a public hall just before the gas 
was lit and the audience assembleii was 59° F., and it had 
increased to ys'^ F. one hour afterwards. The tension of 
aqueous vapour, or the capacity of the air to absorb aipieoUB 
vapour by being raised in temperature from 59° to 72° F. 
would only be increased by one-third, whilst (be saturated 
breath at about 97° F,, and the vapour from, the gas con- 
sumed, would saturate a very much larger volume at the 
increased temperature of 72" F. For esaraple, the hall 
ds i.ooD adults, who exhale one-twelfth of a pound of ' 
ilure per head per huur at nearly 97° F., eighty-three and 
third pounds of water are therefore evolved from the 
slcin and in the breath by i.ooo persons, and this water will 
saturate 100,000 cubic feet of air at 72° F., calculating that 

^the air as it entered the building contained moisture equiva- 
lent to half saturation at that temperature (72° F.). 
One thousand cubic feet of gas are consumed every 
hour, and the moisture so formed would saturate nearly 
too.ooo cubic feet of air, so that about 200,000 cubic feet of 
air will be fully saturated from all sources. One thousand 
cubic feet of average coal-gas require 6,000 cubic feet of air 
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to yield enough oiygen for combustion, but as only a portion I 
of the oxygen would be used by the flame, probably 30,000 M 
cubic feet of air took part in the combustion of the gas, and H 
this, together with ;o,ooo cubic feet of air exhaled fmin thel 
hings, make 50,000 cubic feet, which saturate about 200,000 m 
cubic feet, or approximately four times the volume. H 

These figures are not exact because the facts relating to I 
breath and to coal-gas cannot be determined with certainty, ' 
but they are not overstated. The quantity of water exhaled ^ 
by the slcin and in the breath is said to vary from 25 to 40 ■ 
ounces in the twenty-four hours, and there is much difference ~ 
between the composition of gas made from cannel coaJ and 
that made from the ordinary bituminous varieties. 

The figures show very plainly how inadvisable it is to use 
naked coal-gas flames to heat churches and public buHdingS 
in cold weather, as the moisture condenses on the walls and 
cooler surfaces, and when eshaled air is present, organic 
products are condensed also, and give a stale, musty, un- 
healthy odour, which hangs about for a long time. Com- 
mittee rooms, mission halls, school and class rooms are 
frequently heated in this manner, and, after a far too 
numerous audience has assembled, every inlet for fresh air 
is carefully closed, and the stinking organic products le- 
inhated into the lungs must seriously affect weak constitutions, 
and, strange as the fact is, it is the weaker portion of the 
community vi"ho are the most devoted mission and school 
workers. 

When air is supersaturated with moisture it becomes 
heavier and impedes ventilation most seriously, as con- 
densation occurs in the cracks and interstices through which 
the air finds exit, and stagnation of the atmosphere results. 
This is frequendy the state of , things in unventilated buildings 
when the temperature of the outside air is low, and its con- 
dition damp and foggy. 

Nature has acted wisely, however, in (he matter (rf moisture 
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in the air. The fact that water vapour is so much lighter than 
air, tends towards ventilation, and as the vapour in breath is 
exhaled generally at about 97° F., the high temperature also 
assists in causing the expired air to rise upwards. The nearer 
the temperature of the outer atmosphere rises to that of the 
body, the more difficult it is to cause much upward movement 
of the air in a building during the summer time, and, were 
it not for the fact that moisture is lighter than air, and that 
the mobture in breath is evolved at a high temperature, there 
would be no ventilating force at hand to cause the foul 
air to be removed. The ventilating power due to breath, 
although appreciable Euid valuable in the summer, is, not- 
withstanding, small in amount, and every means should be 
used to cause the circulation of air within a building by taking 
advantage of wind currents and open windows. This matter, 
however, will be further mentioned in the next chapter. 



CHAPTER IV. 



AIR. AIR INLETS AND OUTLETS. 



In this treatise the composition of air, the nature of the 
impurities common to the almosphere, and theoretical con- 
siderations of fhe sciences hearing upon ventilation, are 
omitted, because such information ran be got without diffi- 
culty from various sources. Neither ventilating engineers 
nor the caretaVers of present building's need worry much 
over the impurities in the atmosphere outside the building, 
but direct their energies almost entirely to keeping that 
inside the structure in a breathable condition. 

No pains should be spared, however, to see that the air 
which feeds a building is not contaminated by sewer gas or 
such like impurities, and, once tliis has been ascertained 
satisfactorily, the only thing which need concern the caretaJiers 
of present buildings is to see that all the air possible shall be 
introduced, even to the point of causing diKsatisf action to 
some who frequent the builditig- With churches and public 
halls, what the caretaker should ascertain is not how much air 
is required, theoretically, to keep the percentage of carbonic 
acid below a certain point, but how much it is possible, 
under the existing arrangements, to introduce without caus- 
ing unpleasant and injurious draughts. He need not trouble 
whether Parkes was right that 3,000 cubic feet per head per 
hour was the proper quantity to keep the atmosphere breath- 
able, or whether Cameily, Haldane, and Anderson were 
nearer the mark with 1,000 cubic feet per head, because there 

so 
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■%ill be little fear that he will be able to get a volume 
anything approaching the latter into his buildinig. It is 
only reasonahle to assume that diosE caretakers have little 
idea how many cubic feet pet head per hour do get into 
churches or halls, but, from experience, the author Is con- 
fident that 300 cubic feet per head is much nearer tb,e 
mark than even Haldane's computation. When the weather 
^■p foggy, and the air is moist and damp, the 300 cubic feet 
per head per hour is a high average for churches and halls. 
During the spring and auLumn when ii is fine, »ud the air 
^BUtside is fioni Jo" to 55" 1'"., the average may be 300 cubic 
feet, and during cold weather 400 cubic feet per head. In 
some mission balls, 150 cubic feet per head would more 
^■early represent the actual quantity when the worst conditions 
^tf weather prevail. During the first half hour of assembly 
the proportion, of impurities is rot so noticeable — it is during 
the last half hour of the sitting that the greatest discomfort 
is felt. The building i.s filled with nearly pure atmosphere 
before the audience gathers, and some time elapses before 
the body of air is much contaminated. 

It is most desirable that the supply of air to a btulding 

should not be less than 750 cubic feet per head per hour, 

MU Ikis qutintily eannoi hr obtained wiik comfort la the setters 

unless provision, and careful provision too, has been made /or 

warming the air tntroiimed at the Jtwr Itvel (fcfor^ it rcachrs 

the audience. Seven hundred and fifty (-ubic feet per head of 

cold air introduceil into a building, whether large or small, 

would mean intolerable draughts ; and during very cold 

weather, 500 cubic feet of unwarmed air would be unpleasant 

^and productive of chills, colds and neuralgia to those seated 

^kar the doors, windows, or cold walls, whilst their feet would 

tie rendered unbearably cold. Some may think that the 

volume of air actually supplied, namely, 300 cubic feet per 

^Head per hour, appears small, but it is well over, rather than 

^bder stated, and. whilst railing atteoFion to this, it is nec«s- 
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sary to point out that the air supply mentionfed has to reduce 
the impurity caused by the burning of illuminants, in addi- 
lioti to that evolved in breath. In many churches and halls 
the electric light has been installed, but it may be concluded, 
generally, that the ventilation has not been improved by the 
iijiange, because the extra heat evolved by the gas and the 
moisture formed gave rise 10 a greater ventilating pressure, 
and caused more air to circulate than was the rase after the 
eleclrir light was adopted. It was inferred by the author 
many years ago that the moistiire and organic matters in 
breath were the greatest impurities in the aii and those which 
gave rise to the foul smell. Thi.s deduction was arrived at 
after experimenting with gas in large quantity, and after iIiEtny 
hours burning in a building, the smell and effects were not 
very marked. The adoption of the electric light in churches 
and halls has confirmed these experiences, and the reason 
why the atmosphere is more stale and foul since the alteration 
is because less air qircuiates, and it is nearly, if not quite, 
saturated with vapotir from breath- 

The question arises, naturally, in reference to the churches, 
halls and public buildings which will be erected in future, 
whether it is advisable to make provision lor heating and 
distributing as much as 3,000 rubir feet per head per hour. 
The answer tq this question depends much Upon the kind of 
heating provided, and the manner in which !t is ptopo&ed 
to introdure fresh air into the building. Still it is not 
necessary, nor wili it be practicable, to aim at more than 
half that quaotitv, whilst if 750 ruhic feet be supplied and 
the audience does not remain more than one hour and a half 
in the building there will be little complaint made of impure 
ot bad air. In buildingR where a large number sit for many 
hours at a stretch, a larger volume of air should be provided 
if possible. 

Dr. Partes concluded chat the gaseous prnduct.! of com- 
bustion in a building were evenly distributed, and if there 
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ere two parts per 1,000 of carbouic acid in the a.ir near the 
Boot of a hall, ihere would be ihe same quantity at the top. 
This result was inferred from the experiments of Lassaigne, 
Pettenkofer and Roscot, bui; as it depends upon the quantity 
of aqueous vapour present in the upper portion of the air in 
a budding as wtd as upon a number of physical conditions, 
it is wrong to assume that the carbonic acid is always equally 
dislributed. If the upper air is saturated with moisCUfe the 
I'arbonic acid is held in suspension in a semi- dissolved con- 
dition, but if the air is moderately dry, the carbonic acid which 
is at first rapidly tr&Trie'l upwards by ihe heated moist atmos- 
phere afterwards descends quickly jjo that its diffusion is 
greatly accelerated. If the building is large the air near the 

oor is the purest, thai under the galleries, if there are any, 
is the most impure, the air near the walls above the galleries 
has the next largest impurity, whilst in all cases, and notably 
in those having too murh top outlet, the atmosphere in the 
centre of the building will be the purest. Even where the hot 

r furnace is used as the heating medium, if there are 
galleries, the air is "ot fvetilr nu.ied, although in consequence 
of the circulatory movement given to the air by this method 

f healing, it is apriroximatelj the case. Without galleries 

he admixture is much more certain. Where hot water pipes, 

steam pipes, radiators, or ev^en coils of pipes are fixed above 

the flour of the building the movements of air are chiefly 

ertical, because of the more e^'en distribution of the heating 
iurface, and, while much preferable to the air furnace method, 
is equally as effective as pipes sunk below the floor, unless 

'riff'isfon ii tnude for fresh air fo come from ths outside and 
he tvttrmed before it leaves ike fifes. Hot water or steam 
pipes fixed either below or above the floor cause vertical 
movi-ments in the air, chiefly, and the vapour of the breath 
,nd that due to the burning of illuminants also greatly assists 
in causing an upward movement. The amount of carbonic 
acid may be considerable, even ai a few feet from the flogr 
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level, and in excess, comparatively, of the moisture present 
at that point, btit at higher levels, the proportion of moisture 
due to respiration is more than equivalent to the carbonic 
acid. In other words, whilst the carbo-nic acid in the 
air of a building tends to diffus-e rapidly because of its 
weight, the moisture from breath and from the illuminaiits 
does not miA at the same rate, the consequence being that the 
latter largely predominates where the air is most stagnant- — 
under the galleries for instance — and in the upper portion of I 
the building. It is well known that the temperature of a I 
building occupied by a large audience is much higher in 
the galleries than in. the centre of the floor, but once let the 
a^ become saturated with moisture, it is possible to find 
these conditions reversed if the chief supply of air comes 
from above in the shape of intermittent currents. Where ■ 
little provision is made to introduce warm air at the floor ' 
level, and the building is heated inside, attempts to bring 
sufKcient air from the top to keep the atmosphere breathable 
will be boitnd to culminate in intermittent currents, and up ' 
and down movements of the air. Unless the building is very 
high and of much larger dimensions than the seats require, 
so that there is a wide space next to the walls, unseated, it is 
fatal to comfort and good ventilation to heat the air in a 
building simply by radiators without any fresh warmed air 
being sent in. 

Ais Inlets and Outlets. — In liuuks on ventilation it is 
usual to calculate what size the inlets and oudets should be, 
and how many square inches are required for each person. 
The volume of air advocated for each person according to 
Parkes is 3^000 cubic feet per hom-. and assuniLr^ that 5 feet 
per second is the maximum velocity allowed for the incoming 
air, 30 square inches is the inlet space necessary for each 
person. An authority on ventilation, who is usually careful and 
accurate, says that if the inlet air is to be introduced through 
the flpof in a building, the area of the openings for each 



rfk 



AIR, AIR INLETS AND OUTLETS. 



55 



> 



Bthe 

Ken 
"the 

I 



pei&on must be at least loo square inches. The idea is, 
doubtless, to reduce the velocity of the current o£ Co!d air 
coming in to about i\ feet per second, but this will not 
reduce the frigidity; and just imagine jocopp cubic feet 
of air pei hour at io° be!ow freezing point flowing over the 
floor in a room holding only loo persons. The idea is 
absurd in the extreme, and it is sheer nonsense to advocate 
the introduction of such a volume of cold air into a build- 
ing seated up to the walls and occupied by an audience. 

The Education Department advise, for public schools, that 
2A inches be the mitiiitiuni air inlet space for each scholar. 
This is a sensible allowance, and it is not advocated that the 
air shall be unwarmed either. In justice to the profession, 
it is necessary to add that in my experience no architect has 
ever atternpted to pro*'ide 30 inches of inlet space for each 
person; and it is best, perhaps, to calculate what this allow- 
ance would mean if put into practice. A church is 100 
feet long and seats 600 persons. The windows are nearly 
air-tight, and the doors close fitting, so that less than 60,000 
cubic feet per hour get through them. This allowance is a 
high average for churches whose windows are for the most 
part air-tight. The remaining inlet air for the church is to 
be provided by Tobin shafts, which to simplify calculation 
are is inches by 5, or 60 square inches in area. To afford 
the inlet space mentioned above, it will be necessary that the 
bbin shafts should touch, each other throughout the whole 

gth of both sides of the building — i.e., 200 feet — and that 
there should be, in addition, 8o feet run of Tobin shafts at 
the ends. 

It is generally assumed either that the area of the outlets 
ought to be greater than that of the inlets, to allow for the 
friction of the out-going air, or they are advocated to be of 
similar area, and not to exceed 12 inches square each 
opening. Taking the example already given of a building 
100 feet long, it would not be possible to get the 13 inch 
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ventilators on the apex of Che roof, because they would 
esr-eed loo feet in lengfh when they touched each other. A 

ventilating engineer would not recommend more than three 
ventilators for such a building, hence it mil be seen how 
^Absurd anil impracticable the above figiires are. Lei any one 
Bay to imagine a continuous Tobin sliaft loo feet long and 5 
inches wide belching forth cold idr at 33" into ihe side of t 
huilcling, and another shaft of similar length doing (he same 
thing on the other side. And this is the practical ventilation 
of the twentieth centurj'. 

If air is to be introduced into a building in its raw, coM 
t'ondition, it should fall, if possible, through 30 feet of warm 
air, and not more than 5 square inches per person should Ire 
attempted ; and even the 5 square inches ought to be greatljr 
stibdivided. It will be seen that the fixing of the cold air 
inlets as high as possible is done so that the cold air Sitiall 
be warmed before it gets to the audience, and all modem 
writers on ventilation suggest that air inlets should be raised 
higher than formerly. Rut such attempts onty deal with the 
fringe of the matter. If the cold air is warmed in its fall, 
it implies that the pure air has been largely mixed with the 
hot products of the breath of the audience, and really- 
rendered so vitiated that it is not fit to be inhaled. 

It has been shown already that inlets of the Tobin type 
are most unsuited to be fixed to buildings where seats abut 
the outer walls, and in nine cases out of ten they a^e kept 
closed, being unfit for winter use, and useless for summer, as 
window openings are more effective. Where cotton wool is 
used in such shafts, the vohime of air going in is reduced to 
one-twentieth perhaps, and the inconvenience and dratjghts 
are not so bad ; but during very cold weather persons sitting 
near cannot endure them open : and felt and such like 
material is used to prevent air leaking around the valve when 
it is closed. Air inlets of the Tobin type or any large cold 
■ inlets are condemned for other reasons than the intoler- 
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ible floucls of cold air which they admit when the temperature 
lis low outside. It is shown in Chapter FI. that the wind 
(effects upon Tobin shafts and similar inlets for cold air are 
Kery considerable. It the wind blows at right angles to the 

opening in the outer wall, the extra pressure forces a delug^e of 

Enold air inwards. If the wind aspirates on either side of the 
building;, or causes reduced pressure at the back. Tobin shafts 
maj act as outlets at every gust uf wind, and as Inlets 
chiring every lull in the storm. 
The wind effects upon nutlet ventilators are equally erratic, 
and geneially at cro.ss purposes with the effects upon the 
inlets. If the wind blo'Ws at right angles to the ridge of the 
roof, an Upward twist catised by the upper wind currents, 
accelerated by the stanl of the roof, will cause a powerful 
I upward suction upon the ventilators above the ridge. On 
^Khe other hand, if the roof of the church forms a line running 
^^east and west, and the wind blows from either quarter, the 
effect upon ventilators ahove the roof will be normal ; whilst 
upon the full length of the building on both aides the Tobin 
^Kiinlets would be under a powerful aspirating influence, unless 
^Piome careful provision was made to overcome the aspirating 
action — a provision which it is hardly necessary to say has not 
been made because the action of the wind was not studied. 
If the ventilators are fixed in the side of the roof itself, and 
flush with the tilesj they will be aspirated powerfully on both 
sides when an east or west wind is blowing. If the wind blows 
from the north, from the south, or south-west, the increased 
pressure of air upon the one side, and the reduced pressure on 
the other side of the roof, will tend to cau.se an up current in 
one half of the ventilator and a down current in the other 
half, especially if the building is inclined to be top heavy in 
outlet space. Ventilators in the sides of the roof do not 
admit of the full ventilating power of the building being used, 
and are not to be recommended owing to the very variable 
action of the wind at the oudets. 
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The position of a church or building, moreover, may lie 
such, and often is., that a strong wind causes a considerably 

reduced pressure upon the whole building owing to its 
sheltered positio'n, and the consequence will be that id! the 
inlets and outlets will be aspirated with a force varying ac- 
cording to the gusty nature of the wind. It will not be 
difficult to realise that if there is a. kirge inlet, or if the out- 
lets are of greatec area in the aggregate than the inlets, as 
they usually are where large outlet tubes are employed, the 
atmosphere in a building may be turned topsy turvey at CTCiy 
severe gust of wind, especially if its duration is for one minute 
or more. It is well to remember that a building containing 
from sL\ to ten thousand cubic feet of air in one haJl, ofifers a 
very large body of elastic matter to be e?ipanded by the 
aspirating influence of the wind. If a string of elastic one 
foot long is puJIed, it soon stretches to its utmost limit; but 
if that string is six thousand feet long what a distance it will 
stretch before the limit is rearhed 1 The thousands of cubic 
feet of air in a large building represent such a Jong thread 
of elastic, and the aspirating effects of a gust of wind, the 
drawing out or expanding the air in a building, like a long 
elastic thread is elongated by pulling at one end. But im- 
mediately the gust of wind ceases, and a lull occurs, the air 
contracts and snaps back like an elastic thread which has 
lifceen strained and suddenly released. It is very difficult, 
ffiierefore, to ventilate buildings when both their inlets and 
outlets are aspirated and subjected to reduced pressitre at 
the same time, and at every gust of wind. 

On the other hand, the reader will see it is possible for 
some buildings to be sheltered at the top, and subjected 
to considerable pressure at the bottom whenever the pre- 
vailing winds blow; and that under these conditions the 
ventilation of a buildiiig may be much assisted. 

Jc is very evident, however, that the questions of air inlets 
and outlets are much more complex than a simple calculation 
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of figures, and it is not sufprising that the ventilation of large 
buildings is generally tn a most unsatisfactory condiliou. 
B The question whether the foul air should he drawn 
from the top of the building or near the floor level is still 
in dispute. During the past century, especially abo-ut its 
latter half, it had become recognised that owing to the heat 

■ of the breath and the presence of so much water va.pour in 
it, it must rise upward quietly by virtue of its lesser density. 
The heat of the bodies of the audience is also a factor 
^ to be reckoned with, and some have thought that this alone 
Bwas sufficient to cause an upward movement equal to one 
inch per second. When the temperature is very low within 

I the building, say at 53°, and that of the air outside Is 30", 
the velocity of Che air caused by the waimth of the bodies 
of a closely packed audience is nearer two inches per second. 
In the face of the fact that lighting by gas gives rise to 
much heat, and that even the electric light emits appreciable 
warmth, it ought to be self-evident to all that the only way 
Co gel rid of impurities and a foul atmosphere, is to drive 
it out at the highest point of a building. The larger number, 
perhaps, of ventilating engineers concluded that this was 
^^ the only alternative, but it was thought by not a few that by 
^■the aid ai powerful fans air could be impelled downward, 
^^and so prevent dust and other impurities being drawn in at 
the floor Level, as when upward ventilation is employed. The 
main contention is, however, that the impuriries in the atmos- 
phere of a building are found in great quantity at the floor 
level, and this is quite erroneous. It has been proved again 
and again that the most vitiated part of a room, a cburch or 
a public hall is near the ceiling, if there is one, but in all 
cases in the upper part of the building, unless the area of 
the outlets is greater than that of the inlets near the ground 
level ; in which case the upper layer of the atmosphere will 
be diluted by cold air which forms down draughts and inter- 
mittent air cunentg. It has been found to be absolutely im- 
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poesible to xeraove the heated products dotvoward, and where 
there are galleries, it could not be done partially without 
seriously inconveniencing those in the body ol the hall or 
church. During the past century downward ventilation ha^ 
had a fair trial, for among other places it was tried in the 
l''rench Chamber oS Deputies, under circumstances where 
monetary considerations did not handicap the system. 
Wherever it has been tried on 3 large scale, that failure which 
rwmmoti sense, with a knowledge of the physical behaviour 
of gases, predicts, has invariably been experienced. And 
yet, even during the opening of the present century, in the 
pages of the leading engineering and saiiitarj' journals, down 
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ward ventilation has been advocated, hence it is not so 
surprising that the science has made such little progress in 
the past. 

An the problem u( admitting air into a building is sur- 
rounded with many difficulties it can only be dealt with by 
cimsidering all the present ajrangements employed. During 
recent years the tipper portions of the windows of some 
churches, halls and other buildings have been fitted with 
framed glass panels which when open and shut form a V, Fig. 
lo. It was thought that this arrangement would shoot the 
air sooae distance into the building, but they are generally 
closed in cold weather, and are open to the objection already 
mentioned (hat If the air descends to the audience it i& sp 



AIR, AIR INLETS AND OUTLETS. 



61 



"we 






yitiated as to be unfit for iuspiraciou. For school classrooms 

ind lesser haUs, the windows are made to open, and various 

'well-known devices for blocking the sills and for shielding 

^ihe lower sash when it is raised two or three inches, have 

beMi advocated and tried, Fig, n. These are useful when 

'the temperature of the outer air is 55" or more, but they are 

only a. makesliift at the best in culd weather. 

It is desirable to consider the condition of some of the 

Hoard Schools in slight detail, because in reference to the 

ventilation of these the arrhitecl is advised lay the Education 

|Departnient. As already noted, 2^ inches of inlet air-space 

is the miniraum advocated for each schoJai, in addition to 

. what leaks in around windows and doors. As the windows 

^Lopen generally, or a portion of them, a considerable volume 

^|of air is aJmitted in this way. But where hres are used in 

^■the classrooms, the cold air fall.s over the coldest material, 

iHand down beside the coldest and outer walls, and the zj 

W inrhes of irdet air-space are generally furnished through the 

I outer walls also. If the fire is in the centre of the interior 

wait — the best place for the chimney to draw — then the 

^^hildren near the windows are mtich too cold, and those near 

^Bie fire too warm. But the worst featiue is, that nearly 

^^al] the inlet air, instead of rising up (o the level of the 

rhildren's heads, flows along the floor of the room during 

■cold weather, for the most part in a stream not more than 18 

inohes deep above the ground level, giving the scholars 

i:old feet and legs, but little fresh air to breathe. It is a fact, 

however, the Education Department recommends that each 

classroom -Bhall have one or more outlet shafts, and that these 

be carried up by the aide of the chimney flue from the fire 

heating the room. By this arrangement the waits of the 

outlets will be warmed and so create a stronger current 

Under the circumstances it may be concluded that the inlet 

air mu.st ascend and be inspired by the children because the 

ttlets begin above their heads. Unfortunately, this argu- 



62 VENTILATION AND MANAGEMENT OF CHURCHES, 




ment, so convincing in theory, does not hold good in practice, 
except, perhaps, for a few weeks in the agpegate during the 
year. When the temperature of the air outside is below 
50' it is found that if enough air is let into the classroom 
lo leed the fire and stiJl allow the foul air lo pass through 
the outlets it is impossible lo keep the room sufficiently warm : 
and, as a bright fiie is maintained then, the smoke and 
air are hotter in the chimney than the foul products in the 
air outlets, and little or no air ascends the latter. Further- 
more, for want of proper arrangements at the mouth of the 
outlets, and sufficient velocity in the foul air shafts, the veiy 
moment they cease to give an up current, cold air from above 
descends Che outlet shafts until it gets warcoed and expanded, 
when it rises again. The cold air may fall 10 or even zo 
feet, according to the height of the outlet flue, become 
warmed, and rise upwards, s.o forming intermittent air 
currents which further tend to make oudet action impossible. 
It may be concluded as a genera! axiom that where fires are 
used for heating, and no other provision made for warming 
the intet air, the fires cannot keep up the temperature in 
cold weather when there is enough air admitted to furnish 
some for the foul air outlets. When Che air is above 50" 
outside, it may be assumed that the windows can be opened 
so as to increase the pressure upon the air in the class- 
room, but if this is done in windy weather, the powerful 
action of the outlets during every lull in the blowing of the 
wind so pulls upon the air in the classroom while the blast 
of the next gust of wind lasts, that if the wind aspiratcK upon 
the openings in Che windows the fire is caused to smoke. By 
arranging valves in Che fireplace, just above the fire, so as 
lo reduce largely the volume of air going up the chimney, it 
is possible lo make the foul air outlets more effective, and 
this ought to be done. 

Where children are educated by the million in public 
schools, no excuse exists for such discomfort, rheuniLttiam, 
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neuralgia, cold in the eyeSj and other iUs from which the 

children too frequentl}' sufl'er; and a better state of things 

ought to prevail. Ind-eed the Education Department should 

be in a position to demand that every school, newly erected, 

»tiall be heated by hot watt^r pipes only, kept at a temperature 

I of a-bout 150° F. ; that the outer walls shall be wanned, and 

I all inlet air of a temperature below 55° F. before it gets into 

' the building; that proper outlets be provided, and the 

. currents in them assisted either by heat or by fan acticm. 

I In this way 500 trubic feet of air per hour per scholar can be 

Kfrovidedc 

^r For hospitals and barrack dormitories, where there is suffi- 
deut margin near the outer walls, cold air inlets may be 
used judicioiisly ; and, as the beds are ngt near the floor 
level, it is not difficult to do this without causing draughta. 
Owing, however, to the vagaries of the wind it is most advisable 
to subdivide the surface of the inlets greatly in all instances, 
because it wiU be found that inlets of a superficial area of 
only 16 square inches have a peculiar knack of sending a 
stream of cold air a long distance wTien the outlets are aspii- 
j^3led hy the wind. 

^L As the warming of the inlet air is frequently attempted, it 

^*will be well to consider the matter at this stage. Many 

(hurches and buildings are heated hy hot water pipes sunk 

^Betuw the floor level in ih-e aisles; and in some cases hot 

^■*Bier pipes are carried along the walls above the floor level 

as well. Referring first to hot water pipes fixed below the 

floors, it frequently happens that openings every ten feet or 

more perhaps of the length of the building convey ftesh 

JUT through gratings in the outer walls to the trough in which 

the hot water pipes are laid. Owing to the difficulties which 

ihe ilistribution — or want of distribution — of the inlet air 

along the pipes between the air inlet channels entail, the cold 

iiii usually rushes up just above the point where the fresh air 

channel join^ the hot water pipes, and, for the most part, 
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iin heated. When ihe weather is very cold the result is 
disastrous, as Che frigid air nishing up flows right and '-.ft 
giving rise to intolerably unpleasant air currenls. In some 
rases perforateil zinc has been used to prevent the air coming 
up in a deluge at one place, but owing to the difficulty of 
keeping the sheets r>f metal flat, and preventing the nap from 
the cushions and other woollen raatTer fiMing up the holes, 
the full benefit of this most desirable method of introducing 
fresh warm air has rarely if ever been attained. Where a 
fair attempt has been made to properly distribute the in- 
coming air along the whole length of the pipes, in nearly all 
instances there is too much top e\it space in the roof to 
enable the air inlets to worl: satisfactorily. It has been 
shown already, that apart from the wind effects upon inlets 
and outlets, too much outlet space in comparison to the 
area of the inlets always results in the formation of inter- 
mittent air currents in churches and public buildings during 
cold weather. When there is an up current moving, the 
whole ventilating power of the building is brought into 
play, the result being that much pressure from the outside 
causes great volumes to enter through the channels feeding the 
hot water pipes below the floor. Even with fair distribution, 
the sudden pressure forces incredibly large volumes of air 
at the critical points where the fresh air inl«ts join the trough 
in which the hot water pipes are laid, ff the temperature 
of the outer air is at jz'^ F. or lower, human nature cannot 
bear the inrush of frigid air, and the caretaker after one 
or two such experiences is so afraid to have a repetition that 
he closes the gratingi; in the outer ivalls which feed the 
fresh air channels, and so a most useful arrangement is 
rendered inoperative. 

During the latter portion of the nineteenth ceoturj-, the 
authorities of most Nonconformist places of worship adopted 
the hot air furnace for healing— the cold air in the building 
descending one grating, then pa.ssing over heated 
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plates, and finally re-entering tlie building by another grating. 
In this method of teating. provision was made for the 
introduction of fresh air, but the instances in the author's 
experience in which a large volume of fresh air was so 
healed, rose vertically to the upper part of the building, 
for the most part, and proved of very little use. When a 
building is to be heated by the hot air furnace, the advantage 
of shutting the top air outlets is manifest, but experience 
shows that very frequently the leakage around the valves 
Lof the ventiktors and through the crevices in the roof is 
'so considerable that, unless the heating during cold weather 
is commenced on the Saturday, the building cannot be warmed 
for the Sunday services. The caretaker soon realises that 
i^jt is no use to s^nd fresh air warmed into the building, be- 
cause this simply ascends vertically at the end where the 
hot air grating is fixed, being forced upward by the coM air 
^^whieh descends Jrom the roof at the other end. Tt is more 
^Bthan he can do to warm the aii inside the building, and all 
^Biis efforts are directed to closing every inlet and outlet so 
^■that the circtilation of the air inside shall warm the walls. 
The caretakers are afraid to esperimenl;, and if they do and 
fall, the complaints of the pew owners soon check their ardourj 

I the result being that the fresh air provision is very rarely 
used. Nor are the caretakers to blame, aa Che ventiladon 
anil heating of the building should be placed beyond the 
experimental stage before it is given into their charge. The 
hot air furnace is not to be recommended, because if the air 
inlets are opened, and fresh warm air admitted in large 
I volumes, it will be found that in nearly every instance cold 
^ftair will fall from the roof at the other end driving the 
^"^heated air out in a perpendicular current. Again, the action 
of wind currents either upon the ground level where the fresh 
^Kair inlet is situated, or upon the outlets in the roof of the 
^* building, will cause intermittent air currents inside, and 
greatly interfere with the ventilation. The author watched 
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these movements many Sundays in a place o£ worship where 
much fresh air passed through a heater, and the results were 
most unsatisfactory. In the case referred to, the means for 
shutting off the fresh air would not act, and the caretaker 
not knowing what was wrong, did his best under the 
circumstances. 

Arrangements have been made in many buildings to heat 
fresh air by passing it through coils or over heated pipes 
fixed above the floor. If there is a wide aisle or space 
between the outer walls and the seats, it is possible to- have 
coils, radiators, or simply rows of hot water pipes so arranged 
that fresh air can be warmed by tbeoi before it gets into the 
building. The colder the air outside the denser it is, and 
tends to flow in from the air inlets at the bottom of the coils, 
b-eing only partially and imperfectly wanned. This behaviour 
of the inlet air is accelerated by the portion which is super- 
heated, for this ascends quickly and gives rise to an upward 
movement which is fed very largely by the inside air. In 
many instances, much the greater portion of the inlet air flows 
in near the floor level in an unwarrned condition to supply 
the place of what has moved upward; and if air is more 
evenly heated before it gets into the structure, it ascends 
and rarely gets into the lungs of the audience. 

Space will not permit, nor would it serve a useful purpose, 
to detail the attempts made to heat inlet air by the various 
hot water and steam coils and radiators used, but until 
recently no great effort was made to devise a satisfactory way 
of heating fresh air by coils fised to the walls of the buiiding. 
Radiators are now made which enable air to be heated by 
passing through tubes inside the radiator, and much more 
attention is given to inlets in asso^ciation with radiators 
generaJly. It is not the radiators, however, which are so 
much at fault as the introduction of warm air in the wrong 
portion of the building. It has been foreshadowed already 
how the heated air aacends, and, although a cold current 
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Ifrom the walls and windows flows downward, stilJ a powerful 
current of hoi air ascends a foot or two away from the walls. 

I and in the portion of Che building where cool air would be 
ttore beneficial because it would flow tovrards the centre 

'Mid seated portion of the striiotiire. The laiger and higher 

^the building the more diffusion taVes place, and the air 

inents are less perceptible generally, but to bring fresh air 

through radiators standing against the outer walla musf 

(always tend to create down draughts in the centre, especially 
if the roof has many interstices, and the outlet space renders 
the buOding top heavy. 
Where fresh air inlets exist, the gratings in the outer walls 
should be protected from being aspirated by the wind, and 
they ought to be capable of being removed easily, so that the 
ducts might be cleansed from dust. In those structures 
where coils are fixed against the outer walls, attention should 
be given, to the condition of the outlet spaces in the roof so 
as to make sure that the warmed air is caused to circulate 
as much as possible in the centre of the building. 

The interna! structure of large buildings is so variable — 

some having galleries, some side transepts with separate 

roofs, some being low, some very high, some being ceiled, 

some being open almost to the apex of the roof — that it is 

impossible to lay down any rule whether much cold air can 

■■le admitted without causing draughts. Each structure will 

^Hiave to be taken upon its merits or demerits, and the best 

^Brovision for inlet air, either cold or heated, must be made 

^according to circumstances. 

^^ There is no doubt whatever that the only satisfactory 
^■n^thod of ventilating new buildings is to introduce warmed 
^^air through a large number of small openings in or just 
above the floor of the structure, and then make sure by the 
careful laying of felt upon the roof, and rendering the joints 
of the felt air-tigbtj Chat the outlet spaces, in the aggregate, 
iTi^ not uf loo great an ;Lrea. The building should be high, 
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and unceiled to near the apex of the roof, then the ventilating 
power of the structure will be sufficient to give f^r results 
even during the warmer weather of spring and autumn. Now 
that the electric current is provided in most towns, it will be 
neither difficult nor expensive to fix a fan which may be used 
to assist the ventilation of churches and halls when the 
temperature of the air outside approaches that of the air 
inside — that is from 53° to 63° F, 
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As the ventilation of churches and public buildings must 
necessarily depend upon their form and architecture, it will 
tend Co make a very difficult subject more clear if a number 
of illustrations are given showing Che types of buildings 
erected and what is wrong with the ventUation and heating. 

Reference will be made chiefly to buildings erected some 
years back, and attention will be given at first to those 
which have no induced ventilation other than the heated air 
by which they are warmed, the gas or other illuminant by 
which they are Ht, and the heat evolved in the breath and 
from the bodies of the audience. With a view to show the 
movements of the air in public buildings, a rotigh outline 
of each type of structure is given, and in M cases the cold 
currents of air are shown by dark shading, and the direction 
of the currents, whether circular or otherwise, by the manner 
in which the shading is executed. The direction of the 
warm air currents is indicated by arrows. In some cases the 
buildings have galleries which are not shown in the drawings, 
and, when that is the casp, they are omitted for simplicity's 
sake. 

I'ig. 12 and Fig. 13 indicate the movements uf air in 
numerous churches, chapeJSj and halls which have no fixed 
TentilatOT£ on the roof and where the foul air escapes through 
cracks and interstices between the rafters and ceiling, or in 
ibe match-boaiding as the case may be. This class of bviJd- 
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ag is not ceiled, but is opea practically to the apex o£ the 
roof, and boarded or plasceted between the rafteis. Fig. 12 
repres-enis a church where a. certain volume of air leaked 
from the loof, R, but aot enough to give rise to very per- 
ceptible down draughts even when the temperature of the 
air outside was at 3^° t'., whilst the tension of the air In 
the building was so relieved by the leakage falling ffom the 
roof that the air which got in around the doors and windows 
did not give ri&e to unreasonable draughts or discomfoit. 
The dotted line shows the level of the wall plate upon which 
the roof rests, and the height from the tloor, F, to the roof, R, 
is 38 feet. When the temperature of the air outside was at 
45" P., there was a strong pull upon the air in the building, 
and much air was drawn around the doors and windows as 
well as from the fresh air supply to the stoves, of which there 
were two. When the air outside was at 55° F. the ventila- 
tion of the building was at its worst point, and if the openings 
in the tops of the windows were kept shut it was very bad 
after an audience had been seated for an hour. The laige 
stoves heated the air inside the building, but the voliune of 
fresh air admitted through them was very inadequate. The 
building was lit by two ring burners. The church wanted 
much more warmed fresh air, and two roof ventilators which 
could be closed completely by suitable valves when the 
temperature of the air outside was 40° F. or less. 

Fig. 13 is a section through the apex of the roof of a 
^;hurch, and the dotted line shows the level of the wall plate. 
S represents the seats, and P the pulpit. From the depth 
of the shading it will be seen that more air fell from the 
crevices in the roof when the temperature outside was at 
35° F. than was the case in Fig. ijj and the movements of the 
air inside and the down draughts were decidedly unpleasant. 
It was quite possible to notice how the air circulated so that 
the coldest portion might be heated! hy passing down the 
gratings under which hot air pipes were fixed. There were 
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thxee fresh ui intetfi on each side of the church connected to 
the lines of pipes, but owing to the intermittent aii currents 
in the building they were kept closed. The gratings above 
the pipes in the church were excellent, and nearly three feet 
wide, but more than two feet of this was covered with close 
KiddenninsLer carpet which prevented the circulation of 
the air through the grating, and reduced the heating effects 
of the pipes by at least one-half their power, Funher- 
more, on removing this carpet and raising one portion 
of the grating, the hot water pipes were found to be 
covered with a coating of hoe woollen down, nearly half an 
inch thick, which fuicber reduced the heating value of the 
pipes. When the temperature of the air outside was above 
50" F. there was no appreciable down draught, and, for the 
most part, the air leaked from the roof wiehout giving rise 
to perceptible movements, whilst the ventilation seemed to 
be fairly good. The church was lit by a large central gaselier 
at B. The ventilation of thi§ chuich was top heavy, that is, 
the outlet spaces in the roof were loo many, and the ctacks 
between the match-boarding required to be partly closed. 
Then the air from the fresh air Inlets wanted more careful 
distribution, and the hot water pipes to be kept clean. The 
carpet was removed, and it was possible to render the venti- 
lation good, and the building ccioifortable for the audience, 
without making much structural alteration. 

Fig. 14 was a large public hEdl seating i,joo persons. It 
was ceiJijU some 40 feet from the level of the ground fiooi, 
and was at least 5cs feet high to the top of the roof. The 
building was lit by three large sun-burnera whose exit tubes 
were syrrounded by spacious cyiijideis several feel in dia- 
meter. When the tubes and cyhnders were open in moder- 
ately cool weather, the area of the outlet space was much in 
excess of that of the inlets. At a concert the author 
attended, and watched the air currents, the principal tenor 
came to the platform in hi& oveicott mi.'n 'Cue: coWm ca.tefully 
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raised around his neck to shield it from the draught. The 
night was very coldj and owing to the down draughts the 
movements oi the air were sufficient to cause an anemometer 
lo revolve continually while lying on the seats of the orchestra. 
The fault was not due entirely to the airangements for venti- 
lating and heating, and was soon partly remedied, but the 
spaces around the valves in the cylinders and the sizes of _ 
the outlet tubes above the gas burners were much too large I 
lo work properly in cold weather. There were three coils 
o£ pipes on either side of the building and two in the ^ 
corridor leading thereto, whilst two coils were fixed on either I 
aide of the gallery which ran on three sides of the building. 
Presh air inlet gratings faced each coil, but the area of 
these in the Etggregate was much le^s than thB.t of the oudet 
spaces. It will be seen from the drawing that Nos. i and 3 
of the outlet tubes permitted great volumes of cold air to 
descend, and No. 3 acted invariably as an inlet. The niain 
entrance was at B, and when the door was open, the pressure 
of the ail going in mider the gallery caused the centre burner 
to act powerfully as an outlet. When testing the volume and 
action of the intakes behind the coils, A A, of hot water pipes, 
it was noticed that the instrument stopped for an instant, 
then reversed and stopped again for some seconds. Thinking 
something was wrong with the instrument the tests were re- 
peated, but with the same results. A pressure gauge whjch 
was placed in another part of the building was watchedj when, 
to the author's astonishment, it registered more pressure 
wu/itn than there was outside the buiidlng. As the instru- 
ment registered the same excessive pressure at intervals of 
about a minute, and the instrument was observed at frequent 
intervals, there was no doubt of its accuracy. Further 
experiments showed that the building, which was very high, 
had a large excess of outlet area in comparison with that of 
the inlet. The outlet space was so considerable that the tubes 
over the sun-burners, i and 3, nearly always acted as inlets. 
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^■md that for a second or two every mintite cold air poured 
^Hown No. 2 also. After a deluge of cold air had descended, it 
^Became warmed, and a powerful up current was formed in No. 
^mt, whiUt No. I sent out much ajr, and No. 3 did not let in 
Hstiite SO much. When the up current Ceased somewhat, and 
"the velocity in the outlets weakened, great volumes of cold 
air descended, and this being so cold and heavy, and falling 
through so great a height, 60 feet or more, compressed the 
I .lir in the building so much that, in consequence of the elastic 
[nature of the air, the pressure inside the building actually 
^Bcceeded that of the outside aii for some seconds. When 
^^he upward movement began again, it proceeded so rapidly 
P ihat No. 2 burner flared greutiy and became partly non- 
luminous for some seconds.. The intermittent action of the 
iiir currents in this hail is already referred to on page 15. 
The ventilation of such a building would be much improved 
the outlet space was under proper control, even with the 
BJTangements shown, and the air inlets provided; but it is 
alinost impossible to gel the warmed air to travel from the 
iides to the centre of a wide building, and it was suggested 
"that a hot air grating should be provided throughout the 
length of the centre of the hall. 

Fig- 15 was a large chapel Seating i,ooo persons. It had 
gaileries, but these are not shown. There were two sun- 
burners and .a central opening, D, in the ceiling to afford 
additional outlet for the foul air in summer. The building 
^was ceiled at the wall plate, and about 33 feet high to that 
^HKiint. After new sun-burners were erected, a severe down 
^oraught was experienced, but the gas flames gave little indica- 
^^tton of the sources from which the cold air descended. It 
^Hvas found, on examination, that there were air spaces around 
^^he tubes of the burners and very considerable interstices 
around the central opening. These poured down large 
ilumes of cold air when the outside temperature wa$. low, 
iving rise to most unpleasant draughts. The chapel was 
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teated by hot air firom one grating, and some idea of the 
difficulty of dealing with buildings heated in this manner may 
be formed from the experience gained in this. By carefully 
closing the excessive outlet spaces in the roof, the down 
draughts were cured, and there was no apparent lealiage 
from the ceiling when the outside temperature was aC 40° F. 
This arrangement, however, by adding to the ventilating 
power of the building, caused the sun-bumers to place the air 
inside under considerable tension, the consequence being 
that much cold air came in around the doors and windows 
as well as a largely increased proportion of fresh air through 
the inlet to the hot air apparatus. The grating through 
which the hot air ascended was of small area for so large a 
building, the resuh being that the heated air shot upward's 
with considerable velocity in the direction of one of the sun- 
bumers which was nearly overhead. This upward move- 
ment of the air caused the gas flames of the sun-bumer to 
flare and flicker so considerably as to divert the attention 
of the audience. As the authorities did not see theic way to 
furnish a more suitable heating arrangement at that time, 
and this flaring o( the gas flames must be prevented, there 
was no alternative but to reduce the ventilating pressure on 
the building, and this was done by allowing more cold air 
to fall from the ceihng, but at the same time so distribute it 
as not to give rise to unpleasant down draughts. This sort 
of compromise equalised matters, because the air rose from 
Che grating with less velocity ; but there was, obviously, less 
fresh air coming into the building. This is another illustra- 
tion of the necessity for warmed air being introduced through 
I a number of small apertures in the floor of a building, and 
not to come in one volume at one point. If due provision 
were made for fresh warm air, the ventilating power of this 
building could be used to fair advantage. 

Fig. ifi is a church seating 700 persons, and over 40 feet 
high from the floor to the top of the roof. The roof was open 
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to^ -within two feet of the lidge, and was carefully plastered be- 
tween the main rafters. The building was lit by electricity, 
but jets of gas were fixed at intervals above the lower bond of 
each principal. There were two ventilators upon the roof of 
a "self-acling" type, and these, at their lower endsn were 
shut off by lifting plates abovt two feet square. Owing to the 
large area of these plates, a.nd to the considerable spaces 
around them, much air leaked in; and, in cold weather, 
when the temperature of the sir outside was 40° F., a 
severe down draught, at in(er\'ats. was experienced from 
the one shown in Fig. 16, aJthough the valves of both venti- 
lators were closed. It was evident that the cracks and 
fissures in the plaster, or between the plaster and the rafters, 
were of considerable area in the aggregate. This is the 
church referred to on p. 65 as having a large volume of 
fresh air coming in through the inlet of the hot air appara- 
tus, shooting up in a nearly perpendicular current. 

This lai^e volume of heated air escaped around the ventila- 
tor almost directly above it, and through the crevices, leaving 
so much ventilating power upon the building that the velocity 
through the outlets was considerable at the time when the 
other ventilator acted as an inlet. To illustrate the large 
volume of fresh air warmed which came into the building, it 
may be mentioned that when a very delicate anemometer was 
held above the grating down which the cold air in the church 
ought to circulate sf> as to he warmed before re-entering the 
building, little or no movement was perceptible. It was 
noticed, however, that there were two currents in the warm 
air grating, namely, a warm up current of high velocity and a 
lesser down current of cooler air. In consequence of the 
warmed air from the grating ascending so rapidly, it was not 
possible to open the plates of the ventilator. No. 2, through- 
out the winter and spring seasons when the heater was at 
work. If the temperature of the outside air was 50" F. or 
less, powerful intermittent air currents were at ooce formed 
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if the vaives were opened very little. The caretaker had 
moved the lever which was supposed to close the valve and 
cut off thp fresh air inlet, but the valv* did not act, and he 
was not aware of the huge volume of fresh air which was 
coming in. This instance may be unique, perhaps, and in 
considering the effects which resulted, it is necessafy to 
remember that the three-fourths of the ventilating power of a 
building which is generally used up in forcing ait around 
the doors and windows was not wasted in this case, so that 
much of the total ventilating pressure was available for 
further ventilation. Under these circumstances, the velocity- 
of the air in the outlets was considerable at one end of the 
church, whilst at the other end cold air streamed in to partly 
equalise and reduce the appreciable ventilating pressure which 
remained. Had the warmed aJT been ititroduced through a 
COtisiderable numbef of small inlets in the floor instead of 
through one large opening, the ventilation would have been 
much improved. The ventilators required valves which 
would perfectly close the apertures. 

Fig. 17 is a lecture hall, ceiled just above the centre bond 
of the principals, and there were three openings through the 
ceiling having gratings as shown. The three tubes from the 
gratings joined into one at a point some five feet from the top 
of the roof, and there were silk valves inserted with a view 
to prevent down draughts. When the hall was examined the 
silk valves did not act, because down draughts were more or 
less continuous, and very unpleasant in cold weather. The 
hall was heated by a large stove in the comer of one end, 
and as the heat from the stove was generally very insufficient 
when, the temperature was low, jets of gas were lit which 
were fi.ted at intervals upon the iron ties forming the Lower 
bond of the principals. Much cold air entered from the 
doors and from a high grating at the back, sweeping 
along the floor to the stove. The stove itself admitted a little 
warmed fres,h air, but this simply rose with the air warmed 
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ihe Stove generally, and waa pressed forward and upward by 

the current of cold air moving in that direction. The warmed 
air chiefly entered the first tube, and found its way out as 
shown on the drawings the second and third tubes acting 
chiefly as inlets when intermittent air currents were once 
begun. The building was lit by electricity, the incandescent 
lamps being held by the iron ties of the principals. This 
hall was an illustration of the failure of silk valves for regu- 
lating the volume of air which the ventilator has to carry. 
They were disarranged when the ventilation of the hall was 
examined, and the latter, bad as it was, wa^ much benefited 
in consequence. 

In the case of a large and well-built school and class- 
rooms, the assembly hall had a central louvre outlet below 
which the silk valves were arranged. When examined, 
these silk valves were large and closed so thoroughly that in 
consequence of their weight and the fact of the hall being 
proportionately low, the valves were rarely lifted unless the 
temperature of the air outside was below 45°. During the 
spring and autumn months, if the temperature of the air 
outside was 50° F. of more, they did not act at all, and the 
condition of the ventilation was bad in the e-xtreme. The 
inside of the roof of the hall was carefully plastered, aod there 
were few cievices or interstices in it, so that it was one of 
the most diflficult halls possible to ventilate in moderately 
warm weather. Silk valves or valves of any kind should 
not be used in outlet ventilators for public buildings. Deli- 
cate valves are required in chimney breast ventilatorsj and the 
above remarks do not apply to dwellings. They do apply, 
however, to the classrooms of schools, as the reduced pressure 
in these rooms will not allow the use of mica, silk, or any 
pther valves in the outlet shafts. 

Fig. 18 is a rough sketch of a well-known place of 
worship in London. There are three ventilators on the 
roof, and the building is ceiled near the wall-plate. There 
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is a movable pane in each of the highest windows or 
lights on either side of the building, shown at A A, and 
as these lights are fixed about 10 feet from the ceiling, 
they aie used as outlets foi the foul aii; but, in cold 
weather, half of those opened admit a flood of untempered 
and frigid air, which falls down and spreads out like a wet 
blanket foi some distance around. On one occasion when 
the temperature of the air outside wae less than 40° F., the 
outlet window panes referred to were opened wide, but not- 
withstanding the most persistent attempts to admit air from 
the outside through the lower Openings in the wirldows above 
the gallery, and through those beneath the windows under the 
galleries, the atmosphere in the building was in a OOSt 
see-saw condition. At one moment deluges of cold air de- 
scended, ind at another there was an upward movement which 
caused the air to be drawn itirough the window openings in 
thin. Cutting atrearns, necessitating the neck and head to be 
protected by coat collars and other contrivances. Large 
box openings were made in the window sills, and these 
belched forth dense volumes of frigid air. There was no 
attempt to ventilate, A very little heated air frtim a stove or I 
two underneath entered ihe building, and most of the heating ~ 
was done by lighting the gas burners used for illumination ^ 
some hours before the audience arrived. Although a large ■ 
hall, seating 2,000 persons or more, there was practically no " 
provision for admitting warmed air near the ground level. 
The fact that this church was crowded Sunday after Sunday 
was most eloquent testimony to the ability of the preacher, 
because there was neither ventilation nor comfort for the 
majority of the audience. The church could be ventilated 
through the floor from the rooms underneath, but the present 
condition of the ventilating and heating is very bad. 

Fig. 19 is a large building with seating accommodation for 
i,zoo persons. It is of considerable height, especially in 
the centre, which forms a large dome, and this is crowned 
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^th one huge Icmvre outlet above the centre of the dome. 

luring cold weather, air from the outside pours down the 

large opening under the louvre turret at intervals of a minute 

yi less, according to the temperature of the air outside, upon 

heads of the audience. The descending air is slightly 

liough imperceptibly warmed by the gas flames over which 
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^■thas passed, and by the products of combustion with which 
Hit is mingled ; for gas flames are used at the top of the dome 
immediately under the outlet to assist in forming; an up 
curreiit. The air coming in from the front doors forces against 

I the current descending from the dome, and the air near the 
beads of the audience is pressed forwvds in the direction of 
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the pulpit, P. A nearly horizontaJ and forward movement of 
the warm air vitiated by the breath of those Bitting behind 
is then experienced for some seconds, succeeded by an 
upward current when the cold air which descended from the 
dome had become heated, and a similar state of things was 
repeated at intervals. It was only during the wave'like pulsa- 
tions of the air and when there was a movement upwards that 
there was any appreciable decrease of pressure in the build- 
ing. Owing to the height of the dome, and the large area 
underneath, the form of the intermittent air currents was 
that of the up and down movements of the plunger of a 
pump chiefly. The large outlet in the dome should have two 
valves — one to be closed in cold weather, and the other 
capable of accurate adjustment, and much warmed fresh air 
ought to be admitted near the floor level. 

Fig. 20 is a type of many of the chapels and halls built 
forty or more years ago, before the necessity of conveying 
the foul air out of the building through metal tubes, which 
passed from the ceiling to the top of the roof, was recognised. 
These buildings were ceiled at the wall-plate, and the foul 
air was simply admitted through gratings into the coof. 
If the building was large there were several gratings, but 
in nearly all cases the area of the outlets into the roof was 
from 5 to 20 times as great as the area of the inlets for , 
fresh air. In the winter, two out of the three openings shown ■ 
in the sketch poured cold air into the building at intervals, " 
and if a door was opened wide for a second or two and an 
up current started, a few seconds after the door had been 
closed a re-action occurred, and a great downpour of cold 
air supervened. Whilst the door was open, the movement of 
the air was naturally in the direction of the pulpit. The 
chancels in mo&t churches, the pulpits in most chapels, and 
the platforms in most halls are at the end farthest from the 
main doors. The front of the building, therefore, is usually 
most exposed to the wind and pressure in the open atmos- 
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phere, and, under these circunistances, in the cases of chapels 
and halls especially, the leakage of cold air from the roof 
occurs more at the exposed end than at the other. Generally 
speaking, therefore, the opening near the door will be the one 
from which a down draught will be chiefly experienced, and 
the movement of the air in these buildings is usually from the 
front to the back — from the entrance door towards the 
pulpit or the platform, as the case may be. Hence it often 
occurs that whilst the preacher experiences the warm current 
of air moving towards the pulpit, he also has to breathe the 
atmosphere already vitiated by the breath of the aydience. 

In those churches where the roof is ceiled until the second 
bond of the principal is reached and there are high buildings 
near the ptjlpit end, a down draught not untrequently occurs 
through the gratings above the preacher's head. This is 
usually induced by the action of the wind, which upsets our 
calculations as well as the ventilation of a building. The 
movement of air through large openings into the roof is 
very erratic and rarely follows any fixed rule, as it is at 
the mercy of the wind and other currents in the atmosphere 
of the roof above the ceiling. The general effects of gratings 
which open into the area of the roof are discomfort in winter 
with serious colds, but in summer and in weather when the 
temperature of the a.ir outside is 60° F, they aid ventilation, 
and some buildings of this kind are remarkably cool in hot 
weather, chiefly those, of course, in which the ceilings are 
high. Neither the ceilings nor the gratings opening above 
them are to be recommended, and chapels and halls are 
rarely built like this now. Where such gratings exist and 
Intolerable draughts are experienced, valves or covers of 
wood which are close-fitting should be fixed near the gratings 
in the roof and these opened as much as will best suit the 
ventilation during cold weather. 

Mission halls and low buildings without any roof ventilation 
and dependent upon the windows being opened in winter, 
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are traps for propagating pulmonary disease; and whilst the 
free will of the subject should be as tar as possible respected 
by the State, it Is a question whether some supervision by 
the Local Authority should not be exercised over all buildings 
where the public assemble, in order to secure the comfort 
and well-being of the audienre, and the preservation of health. 
Fig. ii is a rough drawing which represents the class- 
rooms and assembly hall of a public school. There are lo 
classrooms on each of the two floors, and there is a large 
air outlet in every dassroom close to the ceiling at the 
nearest end to one of the two shafts, S S. These shafts are 
of large area, 7 feet square, the idea being that the larger 
the shaft the more air would circulate when the temperature 
of the air outside was moderately warm. The prevailing 
winds blow from A to B. In consequence of the large area 
the shafts, down currents prevail in cold weather, and 
intermittent air currents are formed in the large hall, and 
during windy and cold weather in the classrooms also. The 
building is heated by hot water pipes and coils throughout: 
and the fresh air comes in beneath the windows and through 
gratings in the outer walls. When the wind blows sharply 
;in cold weather from A to B, the air inlets and gratings in 
(he end of the wall A are under increased vrind pressure, 
and vast volumes of air get In through them giving rise to 
much discomfort. To obviate this, the valves of the gratings 
e frequently closed, and become further clogged with dust 
in consequence. When the deluge of aii got into the class- 
rooms in the end A, the air outlets swept much foul air into 
the air shaft, S, and, as the volume of air admitted into the 
classroom through the inlets on either side was decreased 
by reason of the aspiration of the wind upon chem, the foul 
air which travelled into S from the classrooms at the end, A, 
passed back to those on either side of the building and into 
one end of the hall, forming down currents which at times 
drove the inlet sir back into the outer atmosphere. During 
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this time the air inlets which opened into the two sides at 
the B end, and into the B end itself, were under reduced 
pressure, the consequence being that one minute the air in 
the dassrooms was stifling hot, the next a delude of cold 
air mixed with foul air products rushed into those class- 
rooms which had the largest outlets, and where the aspirating 
actioD of the wind was most pronounced. The intermittent 
air currents so formed were very troublesome and unpleasant. 
The arrangement of the classrooms and the central h w l l 
were very good. The distribution of the hot water apparatus 
was passable, and the carrying over of the ait outlets from 
the classrooms to the shafts> S S, very judiciously planned. 
After inspecting the building one could not help being pleased 
to see everything in such order, but appearances are often 
deceiving. One of the chief faults in the ventilation was the 
frequency and ease with which down draughts occurred 
in the shafts, S S, which were of much greater area in the 
aggregate than the inlet gratings when the wind was blowing 
from any quarter, and if any of the inlet gratings were shut 
the mischief was naturally aggravated. The considerable 
height of the air shafts made the down draughts and inter- 
mittent air currents more pronounced and unpleasant. The 
shafts, S S, were not properly protected from wind effects at 
the top, and the larger shafts of this kind are, the more such 
protection is needed. Some appliances were required to 
reduce the area of the shafts at the top during cold weather, 
and this last precaution was very necessary. The air inlet 
gratings should be protected from wind effects, and proper 
precaution tajcen to make sure that a strong wind did not 
disturb the direction of the air current in the outlets to the 
shafts. The area of each outlet from the classrooms, and from 
the haJl, required to be adjusted according to the tension 
which was necessary, and according to the extra friction en- 
tailed by canying the outlets over into the shafts from the 
classrooms farthest away — a very important precaution. Heat 
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applied in each shaft just above the air outlets of the class- 
rooms on the ground floor would render the air current in 
the shafts more powerful, and less sensitive to the action 
of the wind, but a good fan in each shaft would be still 
more serviceable. 

From what was said in Chapter IV., and the illustrations 
given of various buildings, and taking into consideration the 
further drawings and references in this chapter, it is thought 
that the types of most public buildings have been mentioned, 
whilst the action of the wind, and the intermittent character 
of the air currents, have been pointed out in det^. If the 
caretaker will consider these movements of the wind, and of 
the air inside buildings, and carefully compare the results 
with those which take place inside that over which he has 
charge, it ought to be possible to remedy some of the evils 
which lead to unpleasant down draughts. 




How THE VENTir-ATIOM CAN BE IMPROVED IM BUILDINGS 
ALREADY ERIiCTED. 

CoNSiDEBATroN will be given 6rsl to the exit spaces and 
ventilators in or above the roof. Many churches like Figs. 
12 and 13 are better ventilated than those which have venti- 
|lators in or upon ih.e roof, and it would appear that the 
j crevices and interstices in the boarding or plastering between 
[the rafters were ample in total aiea to afford eidt for all air 
getting into the building at the floor level. And this is the 
case in nearly aJl high buildings unceiled to the second 
principal bond. Where there is no ceiling, and the rafters 
are simply covered with matcb-boaiding, the area of the 
outlet crevices in the roof will be generally far in excess 
of what is wanted in cold winter weather, no matter whether 
the tiles are boarded underneath in addition, or whether 
the slates have their joints plastered. The great heat 
absorbed by the slates during the summer simply cracks all 
the plastering) whilst the woodwork shrinks greatly and match- 
hoarding is like 3 sieve to air under slight presstire, 'Where 
the roof has had feit laid upon boards under the tiles, and 
■ ihe joints of the felt have been made air tight, the air outlets 
|will be under command ; but, owing to defects in joining 
felt, most buildings so provided have much outlet spaces 
notwithstanding, 

Whether there are ventilators in the roof or not, atten- 
tion should be given first to the condition of the building 
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duiing very cold wealher^ — say at 40'' F. or less, in order 
to see whether the crevices in the roof aie too many in them- 
selves to carry off the foul air when the outside temperature 
is so low. If the crevices are too numerous, some of them 
should he stopped up so that there should be no down 
draughts or perceptible air movecDents at 40° F. The down 
draughts generally increase in new buildings which are un- 
ceiled, and in which match-boarding is empioyed, by reason 
of the continued shrinking of the timber. Thick brown paper 
and strong paste and glue can be applied with effect, and 
the wet paper should be wrinkled loosely so as not to dry 
Strained, or crack when dry, but it is unwise to paste over 
the crevices promiscuously, as it is best done in that portion 
of the building where the down pressure is most strongly 
exerted. 

In many churches and other buildings hot water pipes are 
laid below the floor, and some provision made to let fresh 
air come from the outside; but, in consequence of the roof 
being timbered inside and shrunken by the heat, cold air 
streams so freely from the roof in the winter that the fresh 
air inlets below the pipes either do not act at all, or only 
fitfully and al intervals. The audience is thus caused Co 
breathe the raw air from the outside, tempered only by being 
mixed with the warm exhaled products which are caused to 
descend to the hot water pipes to be further heated, and 
sensitive persons suffer repeatedly from colds ia consequence 
of the swirl and up and down movements in the air. 

It is most essential, therefore, that the combined area of 
the exit crevices in the roof should be ascertained and their 
outlet value determined, when the temperature of the air 
outside is low, so that proper regulation shall be made. If it 
is found when the ventiJalors are closed that the area of the 
cracks and crevices is sufficient or excessive, the provision 
which is made for closing any ventilators on the roof should 
be carefully exanuned in order to make sure that no undue 
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eakage occurs from deficient valves, and that airan^eraents 
are made for closing them perfectlf. As the valves for 
closing ventilators are generally provided by the buiiders, they 
are usually of the pattern known as the butterfly valve, Fig. 
13, which is a plate of iron, cut to fit the ventilating tube, 
id having an iron rod across its diameter which passes 
through the walla of the tube, so forming pivots whereby the 
^■iroci plate can be tihed from the outside. The valve is 
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t generally weighted so as to be self-opening, whilst it can be 
^^ shut by pulling a rope attached to a crank on the iron rod 
^P shown above. The valve opens as soon as the cord is released, 
" and is shut when the cord is strained tightly, being prevented 
^^ from turning round by a stop riveted in the walls of the 
^P outer tube. But how seldom is this tightness obtained! 
" Careless straining of the cord leaves perhaps one-fourth of 
the area of the tube open, and down draughts are frequently 
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so caused. Then, In the majority of instances, the valve 

6ts veiy gUckly, because it was tiiaugbt of slight importance, 
and great volumes of ait leak around it in cold weather. 

In many instances where ventilators are £xed, the roof 
is ceiled either at the second principal bond or at the wall- 
plate, and the metal tubes of the ventilators may consequently 
be from 8 to 30 feet in length at their teroiination above the 
roof. For the convenience of shortening the lope^, and 
getting at the valves, the latter are almost always fixed at 
the lowest end of the tubes, the result being that from S to 
20 feet of cold air column above the valve is a perfect 
nuisance, when the velocity of the air escaping through the 
ventilator is low, 01 when the area of the tube is reduced by 
closing the valve. Let Fig, 23 represent a building ceiled 
at the wall-plate, having a ventilating tube which measures 
18 feet in length from the ceiUng to the top of the 
roof. The hall is 30 feet high, and if the valve, instead 
of being fixed at the bottom, were placed at the top 
of the tube, and the cracks and crevices had beea properlj- 
adjusted, the ventilating power of the building should 
be measured by a column of air equal to 30 + 18 or 
48 feet in height. But with a valve at the bottom 
of the tube, the 18 feet of ventilating pressure can 
only be added when the valve is fully open and there is 
enough air passing through the tube at sufficient velocity to 
keep the outer air from entering. If the valve is one-third 
open, two-thirds of the 18 feet tube or more may be filled with 
cold air, and the greater part of the ventilating pressure will 
be lost. And this is neither the only nor the most serious 
fault, perhaps, since air being so very elastic, the cold air 
in the 18 feet of tube when the valve is less than half 
open would compress and overcome the heated air, and give 
rise to alternating air currents which are so detrimental to 
ventilation. All roof ventilators, therefore, should have ap- 
pliances for closing them perfectly, and these are best fixed 
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HOW THE VENTILATION CAN BE IMPROVED. g? 

t the mouth of the tubes at their upper end. Butterfly 

alves are most uasuittd for the purpose, becB-use when P^rt'y 

or even full open, they favour the formation of the down as 

well as the up current, owing to the manner in which they 

divide the tube. 

The rope connecting the va.lve of each ventilator with the 
art of the building where it is to be fixed and regulated 
should be of steel strand wire, and the lower end of the 
wire rope should be attached to some arrangement con- 
nected with an indicating board showing how far the valve 
or cover should be opened according to the temperature 
outside the building. If some such arrangement is not 
furnished for the caretaker, it is not possible for him to gauge 
the ventilators and regulate the air outlets so as to prevent 
down draughts, and to place the building in the best con- 
dition for ventilation. 

The question might be asked, however, "Why not close up 
e ventilators permanently or get rid of them altogether, if 
the area of the crevices in the roof is sufiicient ? " The venti- 
lating power of a building depends as much upon the tem- 
perature of the air outside gs upon the height of the building. 
When the air outside is 35° F. and the air inside is 65° F., 
there is more than enough power afforded by the difference 
density between the two air columns to ventilate a high 
building, and force the foul air through the cracks in the 
roof. When, however, the outside temperature is 55° F., 
d the artificial heat is discontinued, the friction with 
which the foul air meets in passing through the crevices in 
the roof, reduces the volume of air which gets into the 
building very appreciably, hence it would be a decided 
advantage to have ventilators on the roof through which the 
foul air could escape freely and without encountering much 
friction. Furthermore, the heat of the sun in the summer 
warms the roof so greatly that ventilating tubes materially 
assist the upward current of the air, and, for these reasons, 
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it is desirable lo have ventilators, provided they can be 
dosed perfectly, 

Old-fashioned louvre \eiitilalors are not desirable unl&ss 
ihey can be nicely regulated, because, if large enough for 
Slimmer ventilation, the leakage of cold air during the winter 
months is sufficient to cause severe down dfatights, and give 
rise to up and down movements of the air in a building. 
Where a large louvre is fijied, from which cold currents of 
air descend, and where gas jets are used to assist the up , 
current because the ventilation of the building is top heavy, ■ 
such defects can be cured by a suitable double valve arrange- " 
menl for regulating the outlet area in fold weather, and 
connected with an indicator board for accurate adjustment 
according to th-e temperature of the air outside. If the care- 
taker possesses an instrument for detecting down draughts, 
it will be possible for him to regulate the' valves and avoid 
down rurrents of air even in the coldest weather, if proper 
arrangements have been made for adjusting and closing the 
iBlves. 

Some buildings are fitted with silk or mica valves under- 
neath a louvTe arrangement. T^ie gas jets are distributed, 
necessarily, inside the building, and not immediately under 
the ventilating shafts, but the force or pressure for ventilating 
is not enough in. low buildingj* to raise the valves when the 
outside temperature is above =,0" F, ; and such valves or 
flaps are decided and serious hindranOes to ventilation after 
artificial heat has been discontinued in the spring and 
throughout the summer and autumn. The ventilaliora would 
be much improved by removing the valves, and placing a 
tube of reasonable diameter provided with a close-fitting 
cover at the upper end and connected with an indicating 
arrangement as already aientioned, or. should the opening 
be very large, by adopting a double valve, the smaller being 
for winter and the whole opening for summer use, 

Some of the roof ventilators upon the market are said to 
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entirely prevent down draughts. It is difficult to assume that 
the makers are ignorant or that they do not know that tlie 
statement is untrue, but such assertions are as False as they 
are misleading : and, furthermore, if the ventilators possess 
any real exhaust power they must cause down draughts in 
consequence of the general lack of inlet air. 

What is wanted in a roof ventilator is a covering to prevent 
the rain falling inHo the inside tube, and one which instead 
of suddenly exhausting the air will, on the contrary, as 
perfectly as possible equalise the pressure which may have 
been disturbed by the force of the wind, auid the air currents 
above the roof. If suction is to be applied in the roof of a 
building then it should be done by mechanical means alike 
continuous and reliable, and not dependent upon the vagaries 
of the wind. In the absence of such mechanical aid, nothing 
should be allowed to interfere with the ventilating pressure 
of the building, which cannot be assisted bv any form, fashion 
or shape in the ventilator itself. 

So much was said of late years about the "self-acting" 
properties of pneumatic ventilators that the real ventilating 
force available to ventilate a building was rarely mentioned. 
When so-called natural ventilation was referred to it was 
generally in relation to the aspiration of the wind. Now that 
ihe aspirating action of the wind is known to be so erratic 
^■and uncertain, more attention is being given to the ventilating 
^■foict- upon every building which results from heating the air 
^■inside, and which is increased by the heat from the lungs and 
■ bodies of Che audience as well as by the moisture in the 
^^ breath. This ventilating force is reliable. It varies in 
^■strength according to the temperature of the air outside, but 
^Kif this ventilating power is studied and made use of effec- 
j^ftively, after placing the inlets ami outlets under proper 
control, tbe caretaker ought to be able to ventilate his build- 
ing in a much f'WK satisfactory and certain manner than 
I heretofore. . 
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From what has been said, ii is evident that the first thing 
to be done to improve the ventilation of present buildings is to 
provide warm fresh air and introduce it at the floor level. At 
first sight this seems an insuperable difficulty in most instances. 
Where hot water pipes are laid below the floor in the aisles, 
etc., the inlet air shafts generally enter and meet the pipes aC 
too great a distance from each other, and the difficulty is 
to warm the volume of air which rushes up all in one place. 
The lower pipe should be covered with finely perforated 
zinc so as to cause the cold air to be more even]y distributed, 
or, if the air inlet is large, sheets of perforated zinc should 
be curved downwards and placed under the iron grating above 
the pipes, then the weight of the gratings will keep the zinc 
sheets level on their outer edges. The perforated s-heets 
must be cleansed frequently to prevent choking. A little 
care in this respect will do much good, and, by nicely regu- 
lating the outlet spaces in the roof to prevent Che ventilation 
being top heavy, the results will be fairly satisfactory. On 
examination, it will be found that the fresh air inlets are 
generally closed, because of the draughts experienced in 
winter for want of the aif being distribiited aU along the pipes. 

Where air is heated inside the building by passing down 
one grating over hoi iron plates and up another graring, very 
little can be done to improve matters. If the floor of the build- 
ing lies close to the ground, hot water pipes should be laid if 
possible, and a large volume of air introduced and carefully 
distributed over the whole length of the pipes, which should be 
laid in front of the rouimunion rail, and in other convenient 
spaces in the aisles and near the walls. The outlet spaces 
at the top of the building should be carefully regulated, for, 
if the ventilation is top heavy, the warmed air arising from 
the pipes will simply shoot upward towards the roof and cold 
air descend in the centre of the church between the aisles. 
It is most important, therefore, that the* roof outlets shall 
be well regulated. 
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^1 When a building has been raised a few feet above the 
^■eanh, it may be possible to send hoi air (from a battery of 
™pipes below and nutside the simctitre) undemeath the 
building. This is the most de.sirablt method, as it is possible, 
then, to subdivide the air as it enters through tht floor far 
^better than it can he done from hot water pipes laid below 
^■the aisles. There is generally a width of 2o to 30 feet 
between the two aisles 01 footw-ays occupied by the rows of 
chairs or seats as the case may be, and the renlre of a btiiM- 
ing will not receive a proper air supply, as Che tendency of 
the fresh air arising as it does from the pipes under some 
pressure aiul velocity is lo go upward too quickly to spread 
inurh laterally, 

.\ large number of buildings used for religious purposes 
have schoolrooms underneath with headroom froni 10 tr> 
6 feet. It is easy to ventilate a building which has a. 
jchoolroom underneath, but it is not so easy perhaps to con- 
ince the authorities that the breath of the children can 
le swept away nnil the schDolruom me'\ as a warm fresh air 
■distributor for the building above. Where there are school- 
loms underneath and ground enrkugh adjoining to place a 
battery of pipes to warm the air before it enters the school- 
Toom, it is possible to ventilate the church over it almost 
lerfectly. In many Nonconformist churtihes " Pleasant 
Sunday Afternoons" are held, and, if the building can be 
Heareil of breath anil foul air before the evening service, it 
stands to reason that the schoolrooms can be likewise purified, 
and the latter can be done more easily because the ventilat- 
ing power ol the building will be increased by the additional 
height (jf the schoolroom — a mc^t appreciable and useful 
adjunct. The ventilation of schoolrooms underneath chapels 
^^ and halls is usually \-ery bad indeed, because the headroo-ni 
^Hk so low, but if the ceiling and the Hoar of the building above 
^^»ere perforated with sufficient openings, the ventdation would 
be vastly improved. If the schoolroom is ceiled, it should 
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have strips of coarsely perforated zinc run across the joists 
at intervals, and the air should pass through inlets in the 
floor to supply each pew. Other inlets should be fixed in 
the aisles, around the pulpit, in front of the communion rail, 
and, if possible, underneath the floor of the galleries, if there 
are any, into each pew there. The inlets should stand about 
two inches above the floor, and should be covered at the 
top to prevent the air shooting up, and also to keep them 
clean. No valves should be supplied whereby the pew 
occupants could close the inlets. Care should be exercised, 
however, that the inlets should be capable of being regulated 
underneath, so as to set them more or less open at first, 
in order that those nearest to the incoming air should not 
admit more than their share. 

Neither sentiment nor prejudice ought to prevent the use 
of schoolrooms for the purpose indicated, and, if proper 
attention is given to the roof outlets of such buildings, then 
the ventilation will not require mechanical aid, and, even in 
the worst weather, it will be passable. 




> 



At the present time it is 'lifficylt to say which is mosC 
generally a<lvocalecl, mechaniea!, or so-called natural vetitila- 
tioEi. Now that ihe electric light is becoming so widely 
adopted, and electric currents can be obtained in small 
towns even, it is possible to get mechanical aids to ventila- 
tion in the form of electric fans, which, tluring the next fifty 
years, will revolutionifie the ventilation in new buildings. 
Some of those who sell appliances for ventilation say that 
mechanical aids are of no valtie, and those who sell (ans 
say, naturally, there is nothing like them for ventilating 
buildings. Common sense ought to give its verdict in favour 
of the fan, but common sense speaks of a thing as it finds it, 
and not always in accordance with its deserts. The fact is, 
up to the present, mechaniral-aided ventilation has not proved 
!iijri.-tissful, and, as so-called natural ventilation does nut play 
quite so many pranks on account of its lesser power and 
cheapei workiDg, it still meets with considerable favour. It 
is only fair, however, to enquire why it is that fans have 
been so unsuccessful, and it may assist one in forming a fair 
conclusion if the ventilation of a building having a fan in 
a low turret on the roof were examined to see wherein the 
defects lay. The building in question was large and ceiled at 
the wall-plate, and was about 35 feet high to that point. A 
large outlet in the centre of the ceiling communicated with 
a. fan immediately above and underneath the turret upon the 
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roof. This building is not given as a, type of ventilalioa by 
mechanical power, but it will illustrate how such sdr\ is 
rendered inoperative. Before the fan was fised in this build- 
ing, very little attempt ha.d been made to introduce fresh 
air, and no provision was made for warm fresh air to come in 
at the floor level. As soon as the fan started it was found 
that the tension inside the building increased and became 
coasiderable, the result being that the leakage of air around 
doors, etc., caused severe draughts. The moment a door, 
either on the ground floor or in the gallery, was opened, 
floods of cold air rushed into the building, and the draughts 
were most unpleasant and disappointing. To obviate these, 
the doors were carefully fitted with felt to ex.clude the 
draughts, and glass screens were placed in front of the 
doors leading to the galleries, ajid by the side of the aisles 
adjoining the doors downstairs. When the chinks around 
the doors had been stopped, and the openings in the windows 
adjusted, so thoroughly were the draughts prevented, that 
the building was fairly airtight; and it was really a inysccry 
where the authorities expected the fresh air to come from. 
Worse draughts, however, were to be encountered. The fan 
being able to get only a very little air from below, exercised 
its power in placing the atmosphere in the building under 
the greatest tension possible, and it became so sensitive that 
the sitting down of the audience after standing brought a 
flood of cnld air down through the central opening in spite 
of the revoh-ing fan ', and even when a slight wind was 
blowing, the building became subject to the intermittent air 
currents which have been already destrribed. To obviate 
these down draughts from the central outlet, the fan was 
sloweil down somewhat, and jets of gas were arranged just 
above the ceiling level under the outlet with a \iew to assist 
the up-current. During the winter, most of the air getting 
into the building came down the central opening in fitful 
gusts at inten'als. In warm weather, when the movable 
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panes in each window cuultl be opened, more air was avail- 
able, both on the ground level and above the galleries. The 
movable panes mere abnut 14 infhea by 8 inches in area. 
and were regulated by cords fixed close to the seats. Some 
rime ago the author was present at a crowded meeting In the 
building when the temperature of the air outside was about 

3," F., and the fan was revolving slowly and regularly — aJl 
the window openings and doors being rlosed at the beginning 
of the meeting. The atmosphere soon got foul, and one of 
;he audience opened a ventilator in one of the windows under- 
neath a gallery downstairs. The air shot like an arrow 
towards the centre of Ihe building, because of the reduced 
ipressure inside, and was of little benefit Co those neiir the 
opening. Soon afterwards, three similar ventilators were 
opened in the windows over the galleries, and these likewise 
sho-t streams of air towards the central outlet. The fan then 
obtained nearly all the air it required without much friction 
through the four openings, the conseqitence being that very little 
came in from the crevices around the doors, etc, and the atmo- 
sphere in most parts of the building was stagnant and very foul. 
Most persons unacquainted with physics would condemn 
the fam at once as giving rise to down draughts in winter, 
and being useless just at the very time of the year (spring) 

hen the temperature outside (53° F.) was near its lowest 
ventilating valge, and when, if ever, the fan ought to be of the 
greatest use. But the fact is, the fan was not to blame, as it 
did its work regularly, and its best under the circumstances. 
Mechanical, and heat-aided, or so-called natural ventilation, 
run upon similar lines, and what is essential to the success of 
the one is essential to the success of the other. It is no use 
Ir^-ing to get air out of a building until pro\'ision is first made 
to let air into it. Had the authorities heated a larg* body 
of air, and allowed it to get into the classroom underneath 
ithe assemblv hall, and then through numerouti apertures in 

he floor into the hall itself, the fan would aiake sure that the 
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foui air should be removed through the central oudeL The 
larger the volume of air coming through the floor the less 
would be the tension in the building ; and when a door was 
opened the cold air would not shoot across the audience. 
If this provision had been made there would have been no 
need for the ventilators in the windows to be opened at all 
during the meeting referred to, and, with a powerful faji, 
even in summer time, the atmosphere would be good although 
the windows were shut. 

What has been said about the window openings will show 
how difficult it is to use them to the best effect even in moder- 
ately warm weather when mechanical power i-s employed. In 
(He first pittcc it ikould H made mpossiMf far the axtdienct to 
interfere with ike ventilators in any piihlie huiidin^. One 
man has fresh aii on the brain, and wants every ventilator 
open, even if the air coming in is frigid. Another, suffering 
from neuralgia, and having had the sad experience perhaps 
of silting near cold air inlets in the school where he was 
educated, wants all the openings closed. Only the caretaker 
should be able tu get at these ventilators, and thej should 
be adjusted to the best of his knowledge and cKperience 
before the meeting commences, In all cases where mechani- 
cal aid is at commanrf, the great point is to ensure that air 
shall be distributed all over the building near the floor level 
Openings 14 inches by 8 inches through which air can come 
into a haJl having a fan in the roof are much too large. 
Every caretaker who has a fan to superintend should be pro- 
vided with an instrument which would show the difference 
between the pressure inside the building and that on the 
outside, in order that he may not at any tinae increase the 
internal pressure too much, and cause intermittent air 
currents, because too much inlet air space has been afforded 
by the over liberal opening of the window ventilators. 

There is no doubt whatever that air inlets brought through 
and raised just above the floor of the building are the best. 
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t is folly lo object to such on account cl supposed rjust 
■oming through these floor openings. Buildings kept clean 
and provided with proper inlets fixed above the floor level 
are free from dust, and it is only possible to distribute air to 
an audie-nce in sufficient volume and in comfort in this manner. 

■ The fan referred to was fixed in a turret in the roof, but 
it is not best in all cases to ventilate by the exhaust method. 
Where a building is ventilated from below, and the height 
and area of the mixiog chamber are satisfactory, the plenuili 
method, using the fan for forcing air into the building, is 
^tsnmetimes desirable and better suited than an exhaust fan in 
^nhe roof of a building. In either case, the inlets should be 
^P'through the floor, of great number and of small area. If the 
^^ plenum method is used, and the fan is fixed in the basefiieni, 
it is still necessary to examine the outlet spaces in the roof, 
as in the case of natural ventilation. If volumes of cold air 
fall from one end of a structure it may be regarded as 
certain that a corresponding body of air which has been 
K'armed and sent into the building through the Boor is at 
once expelled upwards and outwards through the roof at the 
other end before it has done much service in the lungs ol 
the audience. It should not be forgotten that it is not CHily 
possible but <;ertain that down draughts and intermittent air 
currents can be formed even where warmed air is sent by 
ihe plenum method through the lloor of the building. 
Whether the plenum or the exhaust method is adopted, nn 
satisfactory result will be obtained until the inlets and out- 
lets are properly adjusted according to the friction and 
tension incidental to their area and to the part uf the building 
in which they are fixed. 

When a building has suiiicient inlets through the floor. 
Mid full provision made for enough air to enter, the fan will 
tin its work best, and be most efficient for summer ventilation, 
when it is fised in the centre of the roof, if the building is 
high enough, or two fans may be employed if the roof is 
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somewbal low. The reason o( this is ihal the fan will 
have a vast body of elastic air to pull upon in the building, 
and there will be a steady and contlnuoiis draw ujion ihe 
air inlets through the floor: and, although the aspirating 
influence of the wind will affect both the inlet and nutlet air 
at times very appreciably, the large elastic buffer afforded by 
ihe inside area of a buildings will neutralise the tendency 
for vast volumes of air to be drawn through the 8oor inlets 
41 the moment of the greatest air pressure outside, and small 
volumes at a high temperature to come through when the 
aspirating power of the wind is most exercised upon the 
inlet air as it comes from the outside. 

I'he chief value of mechanical aid is that the air can be 
drawn into a building oi forced into it under appreciable 
friction, and therefore through timail apertures. Lei us sup- 
pos-e there is an unceiled space under a. public hall lo feet 
high. Into this space, air is forced by a fan to be heated over 
hot water pipes, and then sent through inlets in the floor 
into (he hall. If there are six inlets only, of area equal to 3 
feel each, these will be verj' sensitive to every swirl of ibe 
wind, especially if the inlet gratings in the outside walls are 
of large area. It is impO'Ssible to prevent wind suctiom upon 
air inlets feeding a fan. in many cases, simply because the 
building is so situated that evaj forward rush of the wind 
means a greatly reduced pressure around the building. Dur- 
ing the time a strong gust is blowing, the inlet air is checked, 
and where the inlets through the floor above the healing 
chamber are of considerable area, the aspiration of the wind 
greail)' influences the main body of air jnsidt: through these 
large channels. The atmosphere in the assembly hall of the 
building becomes attenuated, and its pressure reduced, with 
the unforiuiiate result that such a small volume of air passes 
over the hoi water pipes Jn the basement, that what warmed 
air does pass through the gratings into the hall is too hot^ 
and the audience experiences the effects of the hot room of 
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a Turkish bath during ever>- strong gust of wind, and a cold 
air current during a lull la the sLorm. 

The efifect of the wind upon the ventilators on the roof 
may remedy this state of things somewhat, or may even 
aggravate them according to the position in which the build- 
ing is situated. 

By a judicious use of the fan to force air through majiy 
small apertures into a. building, and tben out thiough the 
roof under considerabie velocity, the arr in the hall or church 
can be kept from being much influenced by the vagaries of 
the wind. If the fan is used to exhaust the air from a build- 
ing, the main point after supplying enough inlet air through 
the floor is to make certain that no aJr leaks through the 
roof to feed the fan, and so render its action inoperative. 
Where a fan is lixed in the roof, everj' crack and 
crevice ought to be stopped. This is not so impeia- 
if the fan is used for plenum ventilation, but the 
outlets must be under command, and should not 
be more than one half the area of the inlets in that case. 
By such an adjustment of the top outlets it will be possible 
to tise the whole of the natural ventilating power of the build- 
ing to assist the fan, a power which may be equivalent in 
fold weather to a velocity of 15 feet per .'lecond in the outlets. 

For summer ventilation, the fan is most useful, as well as 
doring mild weather in the spring and autumn. By providing 
extra and larger inlets through the iloor in the aisles, etc., 
f« tise in the summer in addition to the inlets in each pew, 
it will be possible to be independent altogether of window 
openings: and, whilst the fan is working satisfactorily, a fat 
better atmosphere will be maintained with closed than with 
open windows, because the law is that air^ like all Other 
bodies, will travel along the lines of the least resistance ; and 
if the fan can get its air above the heads of Che audience 
in sufficient quantity because the upper windows are opened, 
il will do so, leaving the atmosphere in the bod>' of tlie 
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building almost unmoved. Wheie sufficient air gels through 
the floor of a structure, and the fau is doing its work 
efficiently, the caretaker should be instructed that no window 
JR to be opened even in the hottest weather. 

For drawing ofF the foul air through the outlets in the 
classrooms and halls of Board and other schools, fans 
are admirable, providing the heating is done by hot water 
and not by fires ; and provided also warm fresh air is intro- 
duced. There is no doubt whatever that mechanical aid is 
necessarj- to keep the atmosphere of a school moderately 
pure in the autumn and spring when the air is too cold to 
open the windows; but it is feared that with the present 
arrangements ic is not possible to ventilate in summer with 
dosed windows. It is possible, however, by carefully direct- 
ing the incoming currents, to draw off much of the impure 
air through the outlets, and so greatly improve the atmos- 
phere by the mechanical aid afforded. 

There are numerous fans on the market which are nearly 
equally good and effective, but there are others which are 
not so good. For the guidance of those who have not been 
able to devote much attention to the moving of air mechanic- 
ally, it may be concluded that any fan having more than 6 
blades will give rise to so much friction that it cannot move 
the maximum volume of air. Fans with 6 blades are better 
especially if driven at a low speed, but if the blades are 
curved at the right place so as to grip the air. and are wide 
enough to do this and deliver the stroke with fair clearance^ 
then a fan with four blades will be found most effective. 

Some makers supply heaters with fans combined, and, in 
some cases, these are useful, especially where room is a con- 
sideration. When superheated steam is employed, however, 
the temperature is high enough to cause considerable oxida- 
tion andl unpleasant odour, and such a heater is not to be 
recommended for churches and halls of assembly. 

In some public buildings and hospitals, and in many 
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Khools. hot water or steam pipes are used to facilitate the 
discharge of foul air through the outlets. It is too often 
forgotten that their effective value depends upon the column 
of air above the heater, and between it and the outer atmos- 
phere. Where the outlets enter near the ceiling of the 
ground floor of a building two or more storeys high, heaters 
are trfFective, and, where there is a high column of air above 
ihem. they can be made to aspirate powerfully ; but they are 
not worth the espense of erecting and maintaining unless 
that air column measures 20 feet 01 more. Small fans are 
much more effective, and, on the whole, less costly. 

Where coke or Common fuel is burnt in a furnace Of 
arranged so as to give the greatest heating surface loi the fuel 
con-fumed , and there is a tower or stack sufficiently high to 
afford good ventilating power, it is possible lo assist the 
outlets of a building very effectively by connecting them with 
ihe furnace. The upcast pits, of coal mines used to be 
ventilated chiefly by furnaces in the first half of the 
nineteenth century, but fans have taken their place since ; 
aod for ventilating buildings, furnaces are rarely employed 
now. Furthermore, it is not probable that new buildings will 
be erected in which furnaces will be used to remove the outlet 
air. Not that the furnace is ineffective or unreltable, for 
this is not the case. Where furnaces have not done what 
was expected of them it was not their fault, but the want 
of physical knowledge on the part of those who planned the 
ventilation. Where the outlets are properly adjusted, and 
the shafts are so shielded as to be almost independent of 
ft-ind effects, excellent results can be obtained by furnace 
action. The furnace has proved its value in the ventilation 
of coal mines so conclusively that further comment is need- 
less. It is a fact, however, that the majority of ventilating 
engineers are in favour of the fan for coal mines, and, when 
efficiently driven, there is no doubt the exhaust effects .are 
more continuous and regular as well as more powerful. 



CHAPTER VIII. 

HOW TO VENTILATE NEW BUILDINGS. 



It rarely happens that the architect of a building has an; 
lot in the selection of the site upon which the struci 
is to be erected. In the case of a church it is most probable 
that the site was purchas&d years before the plans were 
ordered, and the design may have been selected from a 
number sent in for competition, the architect himseK not 
having seen the position at all. Under these circumstances, 
the architect knows nothing of the wind effects upon the 
ground in question, although it is possible for him to alter 
somewhat the sizes and positions of the aii inlets and outlets. 
It often happens, however, the church authorities deter- 
mine that a building shall be erected in strict accordance 
with the plans, or, as is not unfrequently the case, they 
conclude that certain spires or towers shall not be proceeded 
with until there are more funds forthcoming; the result being 
that the heating and ventilating arrangements are modified 
and changed to the detriment of the well working of the 
whole. 

In the selection of other sites for assembly halls, town 
halls, schools and hospitals, the architect has rarely any 
choice in the matter, so it generally happens that he has 
to adapt his building to the site, rather than Belect a site 
for his building. If the architect aims a.t appearance chiefly, 
and this is the principal point in a competition, then everj'- 
thing else has to give way so that the building may be Imposing 
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and striking ia design, The comfori of the audience ought 
to be the chief consideration, but if it has due prominence, 
the architect will be handicapped in his design. Architects, 
therefore, have not had much inducement to try and make 
the ventilation the chief consideration, hence it is, perhaps, 
that so little real progress has been made in supplying a 

treasonable volume of fiesh air in every part of the building 
where the audience is seated. 
The authorities who are responsible for the selection of 
a site for a church or any other public building ought to have 
Bottie knowledge of what they are doing, If the ridge of the 
toof must run east and west, much will depend upon the side 
I of the road or street where it is to be erected. If the church 
^■is to be built on a hill side, much care ts necessary to make 
^Mure that the prevailing winds do not blow at right angles to 
^pt, and that the oudets on the roof shall not be subjected to 
greatly increased pressure every time a moderately strong 
wind is blowing. 

The same precautions ought to be taken in the case of the 
sites for all public buddings, and if the authorities are in 

[any dilemma as to the probable results of wind action, advice 
should be taken beforehand, as it is quite possible that a 
I great mistake may be made for want of some knowledge in 
tlic matter. Those buildings which are erected in more or 
less open spaces are the most subject to the aspiration of 
k llie wind, and it i& always well to know from what side the 
I inlei air is best taken, and what pans of the building the 
Hvinds will chiefly affect. Much more attention ought to be 
^ bestowed upon the probable action of the wind upon inlets 
near the ground level. Now that the eSfects have been 
described, it is not difficult to find a remedy, and, with the 
same consideration given to the outlets through the roof, 
the ventilation of a building and the movements of air in 
it ought to be much more under command. 
One of the first considerations is the height of the building- 
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should stand in the 



of 



No question as to 

high. If il weie only the increased number of cubic 
air per head which it will afford at the time the audience' 
assembles, k is worth all the extra cost ; but the increased 
ventilating power which 20 feet of headroom will afford ii 
equal to about 2 ounces of pressure on the square foot during 
the cold months of the year. Then with S feet or IU016 
of basement underneath the church for the purpose of fonr 
ing .1 heating and mixing chamber, it is possible to gel 
height of 50 feet from ihe baseoient to the apex of the roOf 
and for working a building by what is called natural ventila 
tion such a height is excellent- Not that 40 feet is unworlc 
able, for it is not, but a good height is in keeping with a bol( 
design, and herein the architect and the ventilating engineo 
will be in agreement. 

If it is intended to ventilate without mechanical aid 
the height of the building is the first and chief point 
importance, ajid it is much more necessary for natural v^ntils 
tion than when mechanical aid is employed. But even when 
mechanical aid has been furnished it will be possible lo do 
without during cold weather and dispense with the fan, i 
the building is high; and, as such a structure will affo 
so many thousand extra cubic feet of air by reason of t 
good height, it will be best that a church or hall shall bi 
high although mechanical aid is to be supphed. 

With regard lo the ceiling, most modem buildings are noi 
made without, and, for the sake of the extra cubic space, it ii 
to he hoped that they will n€ver come into fashion again 
The first consideration is to make sure that the roof undei 
the tiles is covered with felt which is joined air-tight aliJa 
between each width and between the last width and the wall 
plate. Then it will be possible to keep the axea of the outlet 
in the loof under command. 

With regard to ventilators, if the building is long it i 
not wise to expect all the foul air to travel to the genti 
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dl then through one opening. Such an opening would 
ave to be large, and if the roof of the building were much 
higher than the roof.s of the huiWinga around, the outlec 
would be subject to much suctickn, and it would be difficult to 
event alternating air currents being formed in windy weather. 
Tw« or three ventilatyrg had better be used, and with a 
building 40 feet 01 more from the basenient, if there is one. 
to the apex of the roof, the area of the inlets should be 
double that of the nutlets for winter ventilation; and care 
should be taken to make provision for regulating the area 
of the outlets perfectly. During 'very cold weather, the 
extra ventUating power which is then at command, should 
le used up in forcing the air through the outlets under great 
pressure, and, therefore, nt a high velocity. Under these 
circumstances the outlets should be closed considerably, and 
the ventilators had better be closed altogether, probably, 
when the temperature is below 32°' F., unless it should happen 
that the felting of the roof is so air-tight that the interstitial 
■bs and spacer are not large enough for the outlet air 
— a state of things which the author has never met with in 
an unceiled building. 

Another point of considerable weight bearing upon the 
ventilation of a building if it is to be done without mechanical 
aid, is the arrangement of the window openings for summer 
use. It is thought that a study of Fig. 6, p. 31, will throw 
5ome new lighl upon this subject. The window openings 
.should be high up, anil as many in number as it is possible to 
acfoonmodate in the design. Window openings have hitherto 
heen designed with a view to cause the air as it passes inwards 
to take a vertical direction, so that they may be used for 
winter ventilation. It is full time that the folly as well 
as the impossibility of ventilating by cold air was recognised, 
and this chapter is not complete until the point is reached 
where sufficient air i.s introduced through the floor to supply 
all that is required. Under these circum.itances, all attempts 
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to furnish openings in the windows which shall throw at 
upward should be abandoned absolutely, and attention should 
now be given to make the window openings of the form beat ' 
suited for summer ventilation. It is most advisable that 
the windows shall open so as to use the full aspirating powen 
of the wind upon the air in the building. The movable pane 
falling inwardsj shown on Fig. lo. p. 60, does not lend ilself 
well to summer ventilation, (or it neither favours the easy 
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ingress nor the ready egress of air. Wind blowing along 
the front of a window would not aspirate powerfullv on the 
opening. In order to effect this, hinged windows opening 
outwards, or window panes having pivots top and bottom, 
instead of the usual swinging panes pivoted longitudinally, 
are best. Alternate panes ot windows when partly opened 
r-ould be splayed to face the wind, which would then be caused 
to blow ifttn the building, whilst the next pane could be 
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splayed in the opposite direction, the result being that the 
wind blowing against the edge, E., Fig. 25, would aspirate 
(wwerfully upon the air in the building. It should not be 
forgotten that wind blowing against E. will aspirate twice as 
much as if it blew along the flush front of the window^ 
because the friction encountered will be so much less. Figs, 
24 and 25 show these window openings. Windows are best 
noade flush with the outer wall, or nearly so, the rebate 
being inside. For arhoola and halls it is also best for llie 
windows to open outwards, as the action of the wind is £0 
much more effective, Want of space prevents further refer- 
ence, biit enough has been said to show how important it 
is to give more attention to window openings of the form 
for summer ventilation. These openings can be used in 
[liace of the inward V. openings. Fig. io, fur winter use, and 
they aie quite as effective, although not recommended for 
ihe purpose. The upward lift of the incoming air will be 
found to be much more imaginary than real, because the 
velocity has to be cut down, or the descending deluge would 
be intolerable. 

The question of inlet air, its warming and introduction tcv 
ibe building, will be considered next. The author maintains 
thai the best way of ventilating a building either with, or 
without me^jhanical aid, is by having a heating chamber 
underneath not less than 8 feet high, and preferably 10 feet 
if pussible. With regard to the fresh cold inlet air, it 
must be taken from as pure a souice as possible, and if it 
cannot be admitted into the building without being first 
subject to ihe eflfects of wind action, care must be taken to 
prevent the aspiration of the wind as much as possible at the 
points where the inlets start through the outer wall. These 
inlets should enter the heating chamber at the lowest point 
possible, and pass into the centre. Here a large body of hot 
water pipes should be laid, and the inlet air carefully distri- 
tiuted and heated bj- them. A row of small pipes should 
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be earned atound tht walls in the church or hall just above 
the floor to heat the air cooled by the watls and windows. 
and provision should also be made for warming the a.ir in 
the lobbies, if there an? any. 

The inlets through the floor of the church or hall above 
should be covered over in such a way that the warm aif 
can enter at the floor level and yet be prevented from shoot- 
ing upwards. Thu opening of each inlet should bt about 
12 square inches in area, and 12 incht-s Icmgt and two of 
these should be fixed in each pew, 01 six at least in every row 
of seats or chairs across the building. The inlets are best 
fixed under the seats or rhairs. 

With a heating; chamber some lo feet high to the top oE 
Lht floor (if the church yr hall, there will be, as stati^ij before; 
an increased ventilating power in the buililing. This increase 
should be vstd up in forcing the foul air through the outlets, 
and, whilst ample area should be afforded separately for spring 
and autunm use, the outlets for winter ventilation .'>hoiild be 
SO under command that the cracks and interstices should 
not take much more than half the total \olunie of air coming 
in even when the teonperature of the air outside is at jJ° F. 
This statement is repeated here to show how necessary it 
IS to e.vpel the oudet air at a high velocity, so that the wind 
effects outside may not give ris-e to a down draught, or to in 
Cermittent air currents. By sending the inlet air through small 
apertures, and plenty of them, the velocity need not be great 
— the point is to leave enough ventilating power on the 
building to cspeJ the outlet air at 10 feet per second if 
possible, and this can be done in very cold weather. 

Where it is not practicable to have a mixing chamber under 
neath the buildiiig, the next best method of heating and 
ventilating is by hot water pipes under the aisles, in front 
of the communion rail, and round the walls of the building, 
so as to heat the cold air falling from windows, etc. The 
pipes under the aisles should be fed at freijuent Intervals by 
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fresh air ducts, and to ensure a more even distribution of 
the air along the pipes, each duct should have three ways J^ 
at the end joinnig the pipes. Above the fresh air way and 
underneath the pipes, sheets of perforated zinc hs-ving iron 
bound edges to keep ihem flat should be fised, r6 as to make 
sure that no great rush of air can come np in one place. The 
grating over the pipes should be z fe«t wide, with apertures 
not less than ij inches square. Tt is most essential to avoid 
as much friction .as possible, and the gratings must not be 
rovered with matting or carpet. In the lobbies the air 
should be heated so that no draughts are felt in the aisles 
when the doors are momentarily opened. 

Tht^ roof should be thoroughly felted, and all outlets 
placed under proper control. The windows and panes for 
summer ventilation should at! open outwards as shown 'in 
^'lgs. 34 and 25. 

Whether the pipes are laid under the aisles, or whether a 
heating and mixing chamber has been built under the church, 
as suggested, the architect will do well to provide a small 
window opeaing, say four square feet in area, as high as 
possible, and at the end of the church JurthtU away from 
the prevaiiirtg winds, so that the caretaker can get at it easily 
and open or shut it without the attention of the audience 
being directed to what is done. Wherever inlet air is 
being warmed, either before or as it enters a building, a 
sudden rush and pressure of the outer air through the doors 
as they are opened will have the effect of driving back the 
air from the inlets near the floor level.. Any observant person 
vill notice in a church heated with hot water pipes below 
ihe aisles and having air inlets entering the trough in which 
the pipes ate fised, that when the doors of the structure 
are opened for a few seconds the inlet air is backed, with 
the result that what remains arogijd the pipes becomes 
L Strongly heated and is quickly driven in^varda by the sudden 
B Tebound of the air through the inlets as soon as the doors 
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are shut again, whilst a moment or two later the incoming air 
appears to be much colder than it really is. The architect 
will do well to provide such a window opening as is described 
above, because this will enable the caretaker at the time 
the audience is entering the building to throw it more or 
less open, and relieve the internal pressure caused by the 
frequent opening of the docMis. It may occur to s<Mne, 
perhaps, that if sufGcient ventilators were provided, the care- 
taker could open these, and it would not be necessary for him 
to have a window for the purpose. It is not at all advisable, 
however, that the ventilators should be touched when the 
audience was assembling. These should be most carefully 
considered and regulated an hour before. If the ventilators 
were opened wide and forgotten, the church may be subjected 
to intermittent air currents all through the service. Further- 
more, a window opening high up at the east end of the nave 
of a church would be most valuable for summer ventilation, 
especially where the prevailing winds blow from the west, 
south-west or north-west. Double doors are always provided 
in modem churche's and most public buildings, and where air 
is warmed in quantity and admitted near the floor level, 
double doors are more necessary than ever. 
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Before proceeding to siim up tht recomnendatioiis given 

in the prtceding pages, and to sel forth other duties ilevoJv- 
ing upon ihe caretaker, it may be well lo point out some of 
the res]Jonsibilities resting upuii the shoulders o( the 
managers, li is a well-woni axiom thai " neirhi^r men nor 
fools can work, without tools," and It is incumbent upon the 
managers to see that all the appliances for ventilating aniJ 
heating shotild be as workable as possible. Tf the caretakeir 
lias discovered from experience that the roof of the building 
is top heai'y, and down draughts are pionounced in winter, 
due regard should be paid to the discovery ; and, for the 
nake of the reduced coaJ and gas bills, it will be advisable 
[0 see that the outlet spaces are curtailed, even if the 
romfort of the audience does not demand it. If the care- 
taker has not sufficient knowledge to determine exactly 
what is wrong, and it can scarcely be expected that he has, it 
will pay to have expert advice upon the matter. In any cascj 
if the \'entilation of the building is upset by the outlet 
spaces being too large for winter use, the caretaker is not 
'■0 blame if he cannot heal the walls so as to give comfort to 
those sitting near thenij or keep the coal bill as low as may 
be expe-cted of him. From eKperience, it has been found 
ihai a very large proponion of churches can only be partially 
heated for the Sunday services in cold weather, even if the 
fire is lighted on Saturday morning; and, in nine cases out 
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of ten, the reason it> thai there is no provision made for 
regulating (lie outlets, anr! keeping them under ctititrol. The 
caretaker is helpless under the circumstances. 

One of the managers ought to understaniJ the situation, 
aiicJ leam the nature of the appliances in use. Jt is to be 
feared that the general superintendence of (he ventilation 
and healing is left entirely in the hands of the caretaker, 
and he has to go on hltindering, or. what generally happens, 
do his best with very imperfect apphances. There ought 
to be some one in authority possessing sufficient physical 
knowledge to understand how things are going, and who 
by reason of that knowledge, is in a position to advise the 
caretaker as to what is best to be done. In other words, one 
of the managers should make a study of the ventilation and 
heating of the building in order that he may be able to 
instruct the caretaker. Kcfereiice is made principally to 
those managers who have to do with buildings where religious 
worship is held, and there is no doubt it is these which 
rt^uire most attention, because they are more in number, 
and used more frequently than other halls and some public 
buildings. Large concert halls and theatres ought to have 
some one with sufficient physical knowledge to loot: after 
the ventilating and heating, whose remuneration would natur- 
ally be greater than that usually given to the caretakers of 
churches. 

One of the reasons which induced the author to recommend 
that a churchwarden or deacon, as the case may be. of a 
church should master the ventilating and heating, was because 
experience has shown that the greater number of those in 
■control of the building act as would-be instructors, whilst, 
in the majority of instances, they know little or nothing about 
the matter. It is a good plan lor the managers to select 
one of their number who is best qualified to act as superin- 
tendent of the ventilating and heating— the others leaving 
matters solely in his hands. This individual should make 
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himself thoroughly acquainted with the duties of his office, 
and inspect the inlets, outlets, etc.. with the caretaker to see 
that aJ] is in working order, and listen patiently to what 
he has to say, giving him all the help possible. Nothing is 
so discouraging to the caretaker as to have half a dozen 
or more in authority grumbling at him on account of the 
draughts, or the heal being insufficient, or too much. If one 
is left in command, this can be avoided, and any complaints 
made to a sidt^.'sman or seat steward should be passed 
on to the superintendent, who in turn would acquaint the 
c-aretaker if he thought fit. The author has met with manv 
caretakers, some of whrmi were thinking men of high intelli- 
gence, who have simply given up using their wits on account 
i>f being made a target against which every seatholder thought 
he had a right to l^dge his cortiplaint. If some of the 
managers who pinned their faith to seK-acting ventilators and 
other contrivances which have similar claims, could only 
understand how much thought and care and trouble were 
expended by the caretaker in striving to do his utmost under 
the circums lances, they would realise how misleading is the 
idea that with the best appliances ever fumis.hed, all the 
caretaker has to do is to " Pull a lever when fresh air and 
perfect ventilation will come into play at once ". There is no 
self-acting, noi will there ever be a self-acting system of 
ventilation, Tt will require all the sympathy and assistance 
of the manager, all the abilitj' and knowledge he can com- 
mand, and all the most approved appliances to enable the 
caretaker to keep the building in a satisfactory condition. 

At the present time the caretakers are usually furnished 
with thermometers for determining the temperature inside the 
building, and they consult these to see how the heating is 
going on. Every superintendent should see that a good 
thermometer is provided for taking the temperature outside 
ihe building, and it would also improve matters considerably 
if he kept a short record of what was done lo the inlets 
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and outlets eacb Sunday. This is rarely if ever attempted, 
and the consequence is that the caretaker is left to make i 
hit or miss attempt e^ich lime an audience assembles, and'to 
(jpen the inlets and outlets as he thinks best. If the tem- 
perature outside the building was taken first, and a note 
made showing how open or shut «ach ventilator should be 
at that temperature, then the ventilating of the building 
ootiM Ik- re'gi.daleil nielhodieally. and no IcMiger left to obance 
as it is to-day. The ropes which dose the valves of the 
ventilators should be attached to an arrangement which will 
admit of the ventilators being regulated with exactness and 
precision, and, with this provision and a thermometer for 
taking the outside lempcratute, the superintendent or Hie 
caretaker could soon make a table showing how the valves 
of the ventilators should stand aaorditig to tin temperaturt 
iij the air outside. If the superintendent compiled such 
a table of instructions, he might reasonablj' expect the care- 
taker to read the thermometer and regulate the ventilators 
accordingly, 

The Oretakler. — HU first thought should be directed to 
the exterior of the building, the influence of the winds, and 
of other buildings adjoming upon the ventilating "and heating 
of that which he has to control. He should try to answer 
such questions as these. What is the position of the build- 
ing? Does the main entrance face west or otherwise? From 
what quarter do the prevailing winds blow, and how will 
these strike the building? Is any portion of the structure 
sheltered from these winds, and if so what will be the 
results? At what angle to the ridge of the matn roof do the 
prevaibng winds blow, and how will they affect the venliJators 
on the roof? When the prevailing winds are blowing, will 
they cause reduced or increased pressure upon the air inlets 
and outlets? How will the window openings be affected by 
these winds? The wind blows from the east, from the west, 
from the northf or tmm \Wt aoutti^ tvow will it ajTect th^; 
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ventilators in each case ? How does the sun affect the build- 
ing, and how can the extra heat upon one part be used to 
create a current of air inside the strvctuce in the summer? 
What window openings will be best to use tor ventilating 
by the assistance of the sun? How should the windows be 
qpeneij so as to use the full power of the wind in summer? 
Is the building in an exposed position, upon cross roads, or 
otherwise? Can the position be made use of to assist venti- 
lation either in sumuier or in winter? All these considera- 
' lionfi are worthy of close study if the caretaker is going to 
B master the subject as well as the worlc in hand. A thread of 
H silk, a lighted match or taper, applied to the gratings or other 
H openings will help greatly to reveal the action or stiction of 
H the wind, and enable the caretaker to answer some of the 
H foregoing questions. 

I The next consideration is the condition of the inlets, if 
there are any, near the ground level. Are these clean and 

I open ? Are they all cold air inlets ? Is it possible to so direct 
the air currents that the cold air inlets may be kept open.? 
Can any air be let in through the cracks in the floor from 
imdemeath? Is there any other means of admitting the air 
near the ground level without causing cold feet? Does any 
k ready and easy means of warming and admitting some fresh 
H air into the building occur to you? For instance, is there 
H a vestrj' with a tire, having a window through which air 
ran rome in, be partially warmed, and then passed into the 
^ assembly hall bv leaving the door a little open? By trying 
B to answer such questions as these, thought will be stimulated 
and some benefit will be sure to result in many of the 
buildings now so imperfectly ventilated. 
B If no thermometer has been supplied for taking the tem- 
perature of the air outside, the caretaker should lose no 
time in asking for one, or for one of the instruments which 

I show the difference in pressure between the air inside and 
outside the bui/iiing, and at the san:ie time ^'jc "E^e Xtwi^ftVft 
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ture of the air outside. He should know chat the ventilating 
power of a building is to be measured by the difference in 
weight between the column uf warrn air inside and a coIuOm 
lii rolii air of the same height outside. That the warmer in 
reason he keeps the building in winter, the more air will 
get into it, and the more air will be expelled from it. If 
there is too much outlet area in the roof, cold air will come 
in, give rise to do\\Q draughts, and, at the sa.aiG time, reduce 
the ventilating power of the building. By using his thermo- 
meter for outside temperatures, and closing Che ventilators on 
the roof, he will soon find out at what temperature of the 
air outside there is any down draught experienced, and he 
will not be long in learning with certainty whether the ventila- 
tors can be opened at all without causing a down draught if 
the temperature outside is below 40" F. Should the care- 
taker find that there are down draughts and currents of air 
moving when all rhe valves are shut at 40" F., he will find also 
doubtless that there is much difficulty in warming his build- 
ing at all under the circumstances, ft will be best to keep 
the ventilators closed when the temperature is so low outside 
even whilst the audience is present, but he should call the 
attention of the managers to the fact, that something should 
be done to the roof in order to remedy the down draughts 
and intermittent air currents. As a general rule, in winter, 
the caretaker should open the ventilators as wide as possible 
wlihout giving rise to down draughts, then close them to about 
three-quarters of the area so opened in order to make sure 
that the outlet air travels with good velocity. This is the 
best means of getting air through the building in c/>!d weather, 
but the arrangement can only be carried out in winter if the 
area of the cracks and interstices has been properly adjusted. 
It is a practice generally recognised that the caretaker should , 
open the ventilatois as wide as possible, and the more move-B 
ment there is of air the better the ventilation, providing there " 
is no intolerable down draught. This is all very well for 
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summer ventilation, because every one knows that slight 
cunc-ntB of air are most refreshing then, but it is in winter that 
air currents are depreciated, for perceptible movements of air 
in a buildiug in the winter always mean intermittent air 
currents. The caretaker will a.ct wisely, therefore, if he doses 
the ventilators in winter so as to prevent down draughts, and 
use up the ventilating power of the building in forring air 
through the outlets under considerable velocity. 

If provision has been made for warming air, however 
icsuffieient in volume, before it enters the building, eveiy 
effort should be made to admit the maximum possUile. 
Where inlets have been closed because too much air came 
tip in one place, some perforated zinc sheets should be ob- 
tained from the managers, anil an attempt made to more com- 
pletely distribute the air. Simple shuttersi of wood or covers 
ft'hich sbaU rest against the air gratings and iulets in verj- 
cold weather so that the air coining in can be eniiniy shut off 
or nicely regulated, should be obtained. It would astonish 
most persons to see what an immense volume of air will get 
in through a small inlet when the temperature is below 35" 
F. and the air is very drj'. This is why the thermometer for 
.aklng the temperature of the air outside is so strongly 
commeaded, because a man reading it, and marking a low 
mperatUTc-p will soon leam how to adjust the inlets 
.Tordingly, 
Some general remarks respecting the heating of the build- 
g come ncKt in order. The caretaker naturally wishes lo 
heat his building in the quickes-t time possible so that it 
will not be necessary for him to light the furnace on the 
Saturday morning in order to be ready for the Sunday morn- 
ing service. If he succeeds in avoiding this, and lights 
(he fire early on Sunday morning, it stands to reason thai less 
coal will be consumed, and his duty will appear to be better 
done. If this ispos-sible, he is lucky, and must have the con- 
trol of a building whose top outlet space is either not exces- 
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sive or his been properly adjusted. But if the weather is 
cold, very tew buildings can be sufficiently wanned by- 
lighting the furnace on the Sundav morning. The chief value 

of having the top outJets capable of being closed almost 
perfectly, is the great saving ol coal which can be effected in 
warming the building; and no caretaker can give satisfaction, 
of warm his building with certainty and economy, if the 
outlet spaces in the roof are excessive. Let it be assumed that 
ihe nutlet spaces in the roof are excessive — ^wfmt had the 
caretaker best do to heat his building? The heater is a 
hot air furnace. See that the cotton and woollen waste which 
settles inside the heater is cleaned out frequently, and that 
the gratings are clean also. This is very important. The 
caretaker should then go to the outside of the building, and 
find the grating through which fresh air is to get into the 
heater. Procure a cover which will close this air-tight. It 
may be argued that there is a lever connected with the ap- 
paratus to cut off the supply of fresh air. When the care- 
laker has had experience of the iiirmeme volumes ai air that 
will pass a valve in cold weather, he will take sound advice, 
and close the air grating en tlu outside. When ihe building 
is ready for the audience, the cover shotald be lifted, and some 
fresh air admitted : but the quantity should never be so large 
that a lighted match or caper will not show a verj- appreciable 
movement in the current of cold air descending the grating. 
If there are any Tobin shafts, see thai these are closed per- 
fectly, and all inlets of whatever kind. As in the case of 
the air inlet to the healer, the most effective way to stop air 
entering a building is to close the graii ng perfectly on Ihe outside. 
Having closed all the Inlets, attention should be given 
to the outlet. The ventilators should be closed, and all 
window openings as perfectly a^ possible. If the building 
is heated very slowly and insufficiently when the temperature 
is below 35° F. after these precautions have been taken, 
then the air leaking through cracks and interstices in the 
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roof and around the valv&s in the ventilatiorB must be con- 
Isiderable, and the attention of the superintendent should be 
called to the mtltteir 50 that expert advice may be obtained 
as to the best means of remedying such a state of things. 
Where the top outlets are excessive in area and not under 
control, and hot water pipes beneath the aisles are used for 
heating, having air inlets entering the troughs where the 
pipes are laid, care should be taken that ihe inlets, the pipes, 
and gratings, etc, should be cleaned frequently. All these 
inlets should be closed air-tight outside before the heating 
is commenced, and opened judiciously so as to allow the 
largest volume of warm air to enter, just before the audience 
assembles. As before, all outlets should be closed perfectly 
to heat the building. 

In cold weather, the furnace is to be lit on Saturday, eairly, 
and a good fire maintained all night. Every effort should be 
made to heat the -waits of the building to as near 60° F. as 
possible, but this can rarely be done in churches in veiy 
cold weather. The double doors in the lobbies should be 
kept shut during the heating, and ropes of felt having sand 
inside are useful to place against doors which have much air 
space under them. Where it is impossible to warm the air in 
the building sufficiently in consequence of the cold weather, 
the seat stewards should keep the double doors closed, and 
admit the audience, as far as possible^ through one door at a 
lime, but no time should be lost in having the oudet spaces in 
llie roof attended to. 

The caretakers of buildings where the outlets in the roof 
iTie less excessive, may always succeed in getting the tem- 
perature sufficiently high. They should, however, see that 
fvery inlet and outlet is carefully closed. If this can be 

Iilone eSectivcly, it will be best, notwithstanding, to light the 
iWaace on Saturday afternoon, and keep it damped some- 
rtai. If the fire is lit on Saturday night, or early or 
L Sunday morning, the atr may become warmed, but the walls 

k _I 
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wiit not be properly heated; and whilst those in the centre 
o( the building will lind (lie temperature high enough, prob- 
ably, those seated near windows and wdls will be subjected to 
cunents of cold air circulating and falling upon them ia a 
very uncomfortable fashion. The heater will have unneces- 
sary work to do during the time the audience is assembled, 
and the forced circulation trf the air over hot plates of iron will 
lead lo ilie formation of strong- smelling products from the 
oxidation of the organic matters in the breath, and the atmo- 
sphere in the building will be rendered veiy much more foul 
in consequenct?. On the other hand, if the furnace was lit M 
some hours before, and the walls were heated to 60"^ F,, cold ■ 
currents from the walls would not be experienced, and the 
heater would have less work to perform. Where the outlets 
and inlets are alike under control, the temperature of the 
walla should be raised to 60'' F., and a steady and prolonged 
heating is best under any circumstances. If the walls have 
been propedy heated, it is best to lower the temperature of 
the air inside just before the audience assembles, and this 
can be done by opening the doors for a few minutes, and.^-De 
or two windows on each side. 

In spring and autumn when the temperature of tte air 
outside is 50° F. or more, the caretaker is not unfrequently 
afraid to heat the air coming into the building for fear of 
getting it too hot. This difficulty can be obviated by making 
arrangements for the best control of the furnaces, and il is 
always advisable to heat the air a little, if possible, because 
the ventilation will be much improved. At these times, 
the inlets may be opened to their fullest capacity, aOd a 
gentle heat will remove the rawness from the air. A cold 
atmosphere inside is not only, uncomfortable, but it beconnes 
very foul also, and ibis is especially the case if the walls ate 
cold and there is nnuch moisture in the air before it enters, 
IE the caretaker reads his thermometer for outside temper: 
Luies regularly, he will know by experience how to act. . 
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With referencre to the opening of mndows, ttc, for 
sommer ventLlation, a study of Fig. 6, p. ^r, will enable thtt 
carMaker to see whal is best to be done. He should know 
from what quarter the wind is blowing herore the window" 
openings afe aOjysted, and should be sure as to the effects 
of the wind. After a little thought and practice this will not 
be found difficult, nor is the mastery of the subject beyond 
ihe grasp of the average caretaker. The point to remember 
is that moving air always draws other air in the same direc- 
tion, If Che wind blows prarallel to the side of a, building; 
it will draw air out of any opening which is flush with. it. A 
window which opens outwards and is splayed towards the 
mud, can be made to force air into a building. Wind blow- 
ing over a roof, draws a!r from the farther side, but any open- 
ings on the near side would be powerful inlets. By carefully 
noting and ■weighing these facts, the caretaker, having ascer- 
tained the direction of the wind, can make use of them to 
J advantage for summer v^entilation. The foregoing remarks 
^bpply no nearly to public halls as well as churches that 110 
^Keparate mention need be made of them. 
^H Hitherto attention ha.s been directed chiefly to churches' 
' and places of worship ; a few hints on the ventiEation of 
^—Schools will be given next. Each classruom is a small hall 
^ftrarmed and ventilated by itself, unless it happens that the 
^^ouUels of ail the classrooms are connected with one or moxe 
air shafts. If iires are u.sed in the classrooms, and foul air 
shafts carried up alongside the flue, and there is no other 
means of heating, the caretaker can do little except to opetr 
the. windows so as to let as much fresh air in as is consistent 
^hri^i reasonable comfort to the children, before they -'afi- 
sranble : amd to open the doors and Windows wide, the Ve'ry' 
raniWent the children leave the building. If the building is 
heated by hot water or s.team, and sufficient' warm air iS' 
•(jMitted, it will be easy to gel; rid irf t!%e foul air if thef^ 
A separate outlet for each classtoonl ; and if the uutlfrls' 
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pa&s into one or more shafts, it ought not to be difficult to 
get rid of the foul air once the area of the outlets was 
adjusted. Where fans are used to expel the foul air, it is 
still more easy to get rid of it provided wann air is admitted 
in good volume. Even then, however, the outlets want care- 
ful adjustment, and it is too much to expect the caretaker to 
do this, becausp it is a matter of nicety and difficulty even to 
experts. 

Where the caretaker has several rooms, halls, or classrooms 
to superintend, and the outlets lead to one or more shafts, 
most careful attention should be given to prevent a rush of 
air into the shaft tlirough one or more of the outlets. Let 
us suppose there are six classrooms having outlets leading 
into the same shaft. Four of the classrooms are occupied by 
large classes and require the outlets to work to their fullest 
power. The two other classrooms are empty, and the care- 
taker has left the windows open with that best of intention — 
to sweeten them, l^'ur want of proper adjustment, the 
outlets in all the classrooms are too large, hut when the six 
classrooms are in use they draw off about equal volumes j 
of air. When, however, one or more classrooms is empty, m 
and iAe pressure of the ouier air geh freely in because the 
windows are opened, four times as much air ^oes fliri>ugk the i 
autki as was the case when all the ciassrooms were ocatpiedM 
and all the windows were shut. Furthermore, it is winter, i 
and the air outside very cold, the result being that such a 
large volume of frigid air gets into the outlet shaft through 
ihe openings in the unoccupied classrooms that the ventilating 
power in the outlet shaft is reduced to an almost unworkable 
extent. The unused classroom with its open window mayi 
therefore, do immense mischief to the general ventilation. 
Such a state of things requires the most careful consideration, 
and the caretaker will do well to regard it seriously, There are 
two alternatives, (i) The outlet in the classroom should be 
capable of being closed, and cJosed accordingly. This would 
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be best, but the caretaker must epm it before the room is used 
{z) The windows should all be closed alike in winter when the 
children are in school, no matter how many classrooms are 
used. Where natural ventilation is relied upcm, and the area 
of th'e air shaft is ample, the best plan is to arrange the 
windows, doois and outlets so that the pull shall be alike 
in each classroom. If some of the outlets are closed, the 
danger is that down draughts may occur, because the outer 
lii falls down the shaft, and these must be avoided. It 
is impossible to lay too nnuch stress upon the importajice 
of studying this question of outlet action where a number 
enter one central shaft. 

Where hot water or steam is used for heating, it will be 
advisable in cold weather to keep the fires well tended so 
ihat as much warm air as possible can be obtained; or, in 
;e the windows are the only irdets, that the cold air may be 
armed in the best way to secure the comfort of the children. 
It may happen that the atmosphere in the assembly hall in 
the centre of the school buildings is kept under much tension 
through the classrooms getting all the air they can from 
underneath, and around the doors leading to the hall. It is 
not easy to ventilate such a large room in the centre of a 
block, of classrooms to the best advantage under the circum- 
stances, and where one ct more elassroomi is unused, the 
hall ran receive much air from it, and, by using the passages 
as vfatm air channels, the doors leading thereto may be Used 
as further inlets for fresh air. A wax match, or small taper 
will enable the caretaker to follow the air currents and learn 
their direction in order to understanij and tnasiet some of 
these difficulties; but it is only fair to say that many care- 
takers work their buildings with great skill, whilst the 
managers ought to have further expert advice so that the 

' If [he classroom is used to feed tbe hall, the «atUt had better be 
closed, ^speciall^ if ii goes inio a central shaA, otherwiEC some foul air 
may be aspiiated out of it. 
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air supply might be better arranged. The atmosphere in I 
some of the halls which are used for tearhmg at the same 
time- that the classrooms are occupied, in conseqoertce of the ^ 
school being overcrowded, is usually very foul indeeil. I 

"With regard to town halls, countil chambers, and other large ~ 
rooms and halls, these will be subjected to the aspiration and 
wind effects mentioned in Chapter IL, and the action of winds! 
upon Tohin shafts or other inlets and outlets should he care- 
fully .studied so as to become acquainted with the effects 
which will be experienced according to ihe direction of the) 
wind. Where a complete apparatus for heating and ventilat- ' 
ing has been arranged, and where a fan is used to drive air 
into the building, the feeding of the rooms with extra air, j 
such as council chambers, etc., just when it is wanted, will be 
the duty uf the caretaker. If the general direction of the 
air currents can be determined, and informarion obtained 1 
which will help him in the best distribution of the warmed air 
in winter, and the cooled air in summer, so much the belter 
for those in the building, but by reason of the number of i 
passages, and the manner in which the air currents are diverted 
according to the temperattire of the air outside and the 
direction of the winds, the whole subject should be carefully 
studied and woiked out by an expert first, so that the 
ventilation can be better handled by the caretaker. Warm 
air currents do not travel always in the t!irection] required, 
and when air is rooled in summer and autumn, special' know- 
ledge is necessary so as to distribute it aright. At a recent 
meeting of the British Associaiioti, a soiree was given in 
the City building.s. In the main hall where a concert was 
in pr<^ess the atmosphere was positively stifling, whilst in 
the corridors so much washed and cooled air was circulating 
that it was dangerous to persons coming out of the hall to 
stand there. These City buildings were supposed to iiave 
one of the best and most effective fan-aided .systems of venti- 
lation, but for want of proper liiatribution the co.oled 
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*as lacking where it was most needed, and, on ihat occasiorij 
at any rate, the system was a failure. Where a number of 
rooms and passages are intended to be heated and ventilated 
from one sotirce, situated perhaps in the basement at the end of 
the building, it is not fair to expect the caretaker to know how 
10 distribute the air aright unless proper provision has been 
made at first. Nor is it likely, either, that the driver of the 
engine working the fan should poss.ess the requisite krunw- 
ledge. Indeed, unless an expert has an opportunity of ex- 
unlning and lestioE the air currents in actual operation, 
and lo form a sound opinion as to how fhey will be affected 
by the winds, it will puzale him not a little to arrange and 
Mt out the distribution of the air so that the different rooms 
and halls shall get their proper share. 

The same remarks apply to hospitals, and other buildings 
in which sieveral rooms and wards occur. It is quite possible 
IQ ventilate these from one central source, and without 
particularising any une, there are many such buildings where 
i more or less elaborate system of heating and ventilating 
has been carried uul. Where provision has been made for 
introducing large volumes of air more or less purified and 
^kwarmed, the system ha.'s not always worked welt, and in not 
^■a few instances what appeared on paper so feasible has 
^Broved most disappointing in working. There aie some 
'arrangements so good in general outline, that with a little 
^^care and alteration of the area of the inlets and oudets, the 
^nrliole plan might be made to give admirable results, but 
^it is to be feared that the caretaker would not be much 

I benefited by referring to any of these instances in detail, in 
buildings of this kind, where mechanical appliances are 
Used to ventilate, or where furnace action is employed, the 
caretaker has no lot in £lie matter, the engine driver or stoker 
doing what little is done. On the other hand, the opening 
of certain windows and ventilators by those inside the build- 
ing, not unfrequcntly results in upsetting the ventilation of 
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the adjoining rooms or wards. Scrnie one ought to be in 
charge of the ventilation, and alone responsible for it, who 
should study and master the effects of wind action, and the 
difficulties attached to the proper control of the inlets, 
outlets, and other arrangements. Unless this is done, the 
best planned and furnished system may become inoperative 
and unworkable, and what might, with proper supervision and 
a little adjustment, prove perfectly successful, will be con- 
demned as useless and wrong in principle. 



INDEX. 



Ajr- 7-13. 50-54- 

— a continuous ocean, 7, 22. 

— carbonic acid in, 52-54. 

— contamination, 50. 

— currents, 53, 64, 66, 67, 85, 86, 

88, 131, 134- 

— currents, intermittent, 13-15, 54, 

64,72. 75. 79,86, 9"- 

— density of, 8. 

— elastic properties of, 13-16, 17, 

23, 38, 96. 108. 

— extractors, efficiency of, 27. 

— friction of, 7, 11, 14, 21, 27, 97. 
~ heated before walls, 4. 

— impurities in, 40-49, 50-54, 59. 

— inlets, 3, 7, 8, 10, 11, 13, .17, 18, 

35. 38, 54-68, 74, 84, 89-92, 
100-102, 105-107, loS, 113, 
115-120, 128-130. 

at the floor level, 13, 24, 67, 

68, 77, 100-102, 105, 106, 
107, 117-120. 
choked, II, 72. 

— m churches, etc., 5I-54. 

— moisture in, 40-49. 

— ouUets, 6, 9. 12, 38, 39, 54-68, 85, 

89. 92. 93' 99. 100. «M. 105. 
lit, 114, 115, 121, 128-130, 

131-133- 

— quantity per head, 50-53. 

— shafts, 89-92, 132, 133. 

should be regulated at the 

top, gi. 

— supersaturated with moisture, 48. 

— tension of, 11. 

— velocity of, 9, 10. 

— washing of, 44, 45. 

— waves, 14, 18-20, 29, 30. 
Alletnating air currents, 13-15. 



9* 



Anemometer, use of, 16, 21. 
Antiseptic matter in air, removal of, 
45- 

Bacteria and moist air, 41, 47. 
Board school, wind effects upon, 

36, 37- 
Breath, moisture in, 47-49, 52. 
Buildings, public, as they are, 69-92. 

selection of sites for, 112, 113. 

should be high, 113, 114. 

types of, 6g, 92. 

Carbonic acid in air, 52-54. 
Caretaker, 134-136. 

— and inside temperatures, 2, 4. 

— and summer ventilation, 27, 28, 

32-36, lOQ, no, 115-117. '31- 

— and the heating of the building, 

127-130. 

— and the roof ventilators, 126. 

— and the ventilating pressure of 

his building, 99. 

— and window openings, 110, 125, 

131. 

— has imperfect appliances, 122. 

— heating a church, 65. 

— instructions for, 121-136. 

— noting heat from t»eath and 

human bodies, 4. 

— of a hospital, 135, 136. 

— of a town hall, 134, 135. 

— of a school, 131-134. 

— ofaschDolandemptyclassrooms, 

133. 133- 

— only must adjust ventilators, i, 

106. 

— should carefully inspect inlets, 
125. 



H^ 138 INDEX. ^^1 


^H Careukei to consider the influence 


Expeiimenta with open tubes, 26. H 


^H «f winda, 124, 131. 


_- at the seaside, 2S-3a. H 


^H — — the sun upon the building, 


— in the House of Commons, 44- H 


^H — to introduce all iLie waj'm air 


Fan. the. 103-iiu, 134, r35. ^M 


^H possible, 127. 


Fans, 1 m. ^^^B 


^H — to take outside temperatures, i, 


— for schools, 110. ^^^1 


^H 124- 12ft: 


Fires, lighting of, 1 29, 130. ^^^| 


^H CareUkeis, s.kltful. i^i- 


Foul air extraction, 5g, 60, 61, 61. 


^H CarneHy, Ha.ldane and Anderson on 


86, toi, 105, iq6. 


^H the cubic feet of air for each 


shafts, 36, 37. 131. 


^H person. 30. jr. 


Friction of air, 7. 11. 14, 27, 97, 


^H Churches and public buildings ae 


equals loss of press ure, [3. 


^H they a.re, 69-92. 


— of wind. It, ay. 


^H — ; wind action u|ion, 30-35. 


Furnace ventilation, cii. 


^H Coal gas, composkion of, 46. 


Furnaces, j, itg, 13a, 


^H — moislure from burning, 46-49. 




^H Cotitractioi] of air, 33. 


G*a burners, 17, iS, 72, 74. 75, 77. 


^H Cowl, lobiiter. 26, 


— flames indicate air curretitK, 17, 


^H Cracks in roofa af chutchee, etc., 9. 


iS. 77. 


^H in, 69, 70, 72, 79. 93, 94, 97. 


— for heating purposes. 6, 85. 


^H rog- 


— moiBlure from the burning of. 




46-49. 


^H PfiNSiTV of air, the measure of 


Gaseous products, 52-54. 


^H ventilating tons. 14. 




^H DilTuBlo!] of ail, C7. 


Haij,, public, expEtirnenis with, 


^H Doors, closing chinks around, g, 11, 


15-17. 


^H '"4- 


Heat-aided ventilation, 110. 111. 


^H — double, I Jo. 


Heat of human bndieB and breath. 


^^B — far ventilation, 33-35. 


1' 


^^M Downward ventilation, 59, 60. 


Heating air, a, jjo. 


^^H Draughts, g. 


— by coal gas deleterious. 6, 48. 


^1 — down, 13, 14, 74, 75, A6, S8, 91, 


— by hot Iron plates and surfaces. 


^M 94. gS, 99. T03, 121, 136. 


43i 44. 45. 4^. 53. &4. "W. 


^H indicator, gS. 


— by hot water pipes, 15, 35. 37. 


^H DuBt in air, 41. 


43. 44. 4^. S3. 63. ee. 7a, Hg, 91, 




i|4, 100. 108, 110, III, iij, iig. 


^H Education Department or inlet 


131. '33- 


^H spacx per head, 55, 61, 63. 


— by radiators. 54, 6G, &g. 


^^M Effects of moi.st air upon ventilati'On, 


— by steam. 133, 


^M 40-49. 


— by stoves, 70, So, 84- ^^^H 


^H — Qf wind upon ventilacioTi, 11-39- 


— chamber, [17, iiS. ^^^H 


^H — of sun upon ventilation, 97. 


— churches, etc., 3, 17, ^^^H 


^H Elastic properties of air. 13-16, 33, 


— hospital wards. 44, ^^^H 


^M 5^, loE. 


— inlet ail, (13. 64. ^^^^ 


^H — thread illusiraiion, 23, 24, ;S. 


underneath the building by 


^H ElecKric light, 8, 52, 7^, 82, 103. 


hot water pipes the best 


^H Equinoctial ^ales, 3Z. 


method, rot. H 


^^1 Bxipansion of air by beat, 7. 


— watis of buildings, 5, fi. H 


^^H - — — wind, 23. 


Hospital, wind effects on a, 37, 38. H 


^H Ejcpcrimems in ventilation, 15-10. 


Humidity, 40-49, H 


^^^^ , — with kites, ii. 


— D« Chsumont upon, 41. H 



INDEX, 



^39 



FlxpUftiTlEs in air, ^0-4.9, 50-54, $9. 
Inlet space per head, 54, 55, 56, St. 
[nlei5. See Air inlctB. 
I — siBC of, iiB. 
I — covciB for, 128-ijo, 
^^Intennilient 311 currents, 13, n, 64, 
^1 65. 72. 75. 79. 86,91. 

V" 



t Jackets removed in churcli, j. 
LouvBE venlilaitors, 85, 9H. 

— to be nicely regulated, gtS 



[Managers of chuiches and public 

buildings. 121-1^4. 
Mechanical ventilation, gg, luj-iii. 

how rendered inoperative, 

104-LCJ7. 
— instance of, loj-iOj. 
lUlsaion hails, 4, 51, 88. 
"lixing chamber for warmed air, 

lo;, 117-iig, 
.Models of vcniilators. 25, 26. 
I Moislure vn air, ^o-^g. 
in treath, 47, 49, 52. 
difluBCE slowly. 54. 

Iatuhaj. ventilation, 7, 38, jg, 5g, 

99, loj, 105, 107, 135. 

'ROAMC matters in breaib, i^i, 42. 
Outlet space, 74. 
Outlets. S^e Air outlets. 

— cracks in iha roof, 9, 

— in roof want con trolling, 18, 77, 

100, 1 15, iig, IJ2. 
velocity of air through, g, Uo. 

clothing removed in church, 3. 



^^ver. 



t 



Farkks on air required, 5a, 31, 54. 

— on gaseous products, 52, 53. 
Physical laws and veniilaiioTi, i-lzd. 

Pneumatic vcntilatOri^, 33, 24, 9^. 

— — efficiency of, 17, gS, 99. 
Tessure greater inside a. building 

than out. 14-16, 7^. 
indicator, ij, 74. 
Pressure of air inside, 10, 11. 

: lost by friction, 12. 

Public must not interfere with 
ventilators, inlets or outlets, i, 

^H lot, IC16. 



Roof, cracks and tisaures ir^, 9, lo, 

^. 7°. 79. 9J. 94- 95. 97. '°9- 

— le^iige of air from, 10, 11, 70, 

88. 

— outlets sfaould be regulated, iS. 

gb, 57, 100, log. 

— should be covered with felt, EI4, 

rtg. 

— ventilation, 9. 13, 114, 115. 

— ventilators. i^-^S, 70, 94-99, 114, 

115, is5, 

continuous currents through. 

Schoolrooms under churchea as 
hot air chambers, lot, loa. 

— ventilil^ion of, loi. 

Science school, wind effect on, 35. 
Self-acting system of ventilation for 

churches and public buildings 

impossible, 123, 
Milk valves, 80, Sa, gb. 
Sites for buildings, selection of, 1 12. 

Smoky chimneys, 30, 37, &i. 
Summer, ventilation in, 37, 38. 32- 

^ft, 49. 107- log, [15-117. 131. 
Sun, effects of. upon ventilation, 

97- 

Su peri n ten dent of ventilation in 

churches, etc, izz, 123, 
Systems of ventilation, laj. 

TnHPERATUHt, 1-6. 

— and ventilation, 4. 

— oi the air intide, 1-5, 123. 

— — outiiide, I, 97, 133. 

— of walls, 5, 6, 
ThermomeieT far inside tempern- 

tiues, 2, 4, t±3. 

— for outside temperatures. 2, 3, 

123, 
Tobiii shafia, 1, 8, 35-38, 55-57. 

kept closed, 8, 36. 

Town hail, wind effects on, 35, 36. 
Toxic ptopcrtics in the moislure 
fioni breach, ^2. 

Valve regulatora, 124. 
Valves, double, &5, 98. 

— of mica. g8. 

— ofailk. So, 82. 98. 
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Valves of ventilators, 74, 79, 80, 93- 

97- 
Velocity of aii through ventilators, 
g, 10, 80, log, 117, 118. 

— of wind, 21, 22. 
Ventilating pressure, a, 7-13, 77. 
calculation of, 8. 

• greatest in cold weather, 13, 

how used up, 11. 

in spring and autumn, 7. 

instrument for indicating, 106. 

lost by friction, 12. 

Ventilation, 23, 24. 

— effects of moist air upon, 40-49. 
of wind upon, 21-39. 

— how it can be improved in build- 

ings already erected, 93-102. 

— in spring and autumn, 4. 

— in summer, 27, 28, 49. 

— natma!, 7, 38, 39, 5g. 

— of a large chapel, 75-77, 84-86. 

— of a lecture hall, 80-82. 

— of a public hall, 72-75. 

— of a public school, 89-92. 

— of buildings with rooms under- 

neath, loi, ro2. 

— of chapels and halls, 86-88. 

— of churches, 30 35, 69-72, 77-80, 

82-84. 

— of halls, 133, 134. 

— of hospitals, 37, 38, 135, 136. 

— of large buildings under the care 

of one person, 136. 

— of mission halls, 88, 8g. 

— of schools, 89-92, 131-134. 

— of town halls, 35, 134, 135. 

— use of doots for, i, 32-35. 
Ventilators in windows, 32-35, 

115-117. 

— self-acting. 23, 25, 99, 123. 

— roof, 23-25, 70, 93-99, 120, 126. 

— valves of, 95-97. 

defective, 74, 79, 80, 95-97. 

Walls, temperature of, 5. 



Warmed fresh air, 24, 67, 68, 70, 77, 

79-82, 100-102, 105, 106. 
Washing air, 44, 45. 
Waves of air, 18-20, 29, 30. 
Whirlwinds, how formed, 30. 
Wind, action of, upon ventilatiort, 

21-39. 99. «3i- 
not reliable, 24-26, 27. 

— aspiration, 23, 27, 29, 30, 36, 37. 

57. 58, 99- 

— — from streets, 23, 30-32. 
overrated, 21. 

— effects against a cliff at the 

seaside, 28-30. 
a hill side, 22. 

— — upon air inlets, ro8, 113. 
a board school, 36, 37, 

38, 89-92. 

— — — a hospital, 37, 38. 

a science school, 35. 

a town hall, 35, 36. 

church C, 31-33. 

— — — church C\ 33. 
church C^, 33, 34. 

— — — church C^ 35, 38. 

doors, windows, etc., 28. 

outlet ventilators, 22, 23, 

25. 57- 

Tobin shafts, 37, 57. 

ventilators, 22, 23, 32, 39, 

109. 

— pressure, 23, 58. 

— velocity, 21. 

Window openings, 1, 32-35, 60, 6i, 
82-84, '°4' ">5> "^> ttS, 117, 
131- 

— special one provided, 119, lao. 
Windows opened indiscriminately 

upset ventilation. 135, 136, 

— should open outwards, 116, 117, 

119. 



Zinc, perfora.ted sheets of, 100, 102 
119. 
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'CJj«?wrc.<v— theoretical mechanics— solids. 

J-ncluding Kinematics, Sialics and KineliK. By Arthuk Thorntow, M,A., 
F.R.A,S. With 200 Illustrations. 130 Worked Enampks, mA laisn ffi 
Examples from Eirainiiiaiion Papers, «c. Ctovrn Stq, , ^j, M. 
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THE CALCULUS, LOGARITHMS, ETC. 
^.-^^PA'^jt. — GRAPHICAL CAl.CUi.US. By AamiK 

Bakkeh. B a.. B.bi'. Willi an Introduclion by JOMM GOODMAN. A.M.I. C.I 
With 6t D ugrama. Crown 8yo.. +[. 6,1, 

Ml/HJiAi.—Mi INTRODUCTORY COURSE IN DIl 

FERENTiAL EQUATIONS. By Daniel Alexandkr Mukbav, Ph.I 
CroAn 8vo., 41. nil. 

r.^2:£,— PRINCIPLES Of THE DIFFERENTIAL ANl 

INTEGRAL CAI-CULUS, Applwrl to iheSoliitbn of Useful Problems 
MalliemaLics and Mffchanics, By THOMAS Tate. lanio, 4.1. &/, 

TAYLOR.— Woxks by F. GLANVILLE TAYLOR. 

AN INTRODUCTION TO THE DIFFERENTIAL ANJ 

INTEGRAL CALCULI'S AND DIFFERENTIAL EfJUATIONS 
CroMTi 8vo., ^. 

AN INTRODUCTION TO THE PRACTICAL USE Ol 

LOGARITHMS, WITH EXAMPLES IN MENSURATION. Witj 
Answers 10 ExfrcisfS. Crown Bvo.. ii, 6J. 

y/LL/AMSOiV.— Works by BENJAMIN WILLIAMSON, U.Sc 
AN ELEMENTARY TREATISE ON THE DIFFERENTIA! 

CALCULUS; coniaining the Theorv of Plane Curves v/lih numerou 
ExiVmples. Crown flvo., lor. Sif. 

AN ELEMENTARY TREATISE ON THE INTEGRA , 

CALCULUS; conlaining Applications to Plane Curves ancJ Surfacea, and' 
also a Chapter on IhK Calculus of Variaciojis, ivitli nunieroiis Eitaraples. 
Ctown 8vo,, lov. fji/v 



GEOMETRY AND EUCLID. 

■,• Fiirnlkfr Warts, m Lo'igmaiis b' Lo,.'s Catalogue of Educatii'aal and ScJiotii Botks. 

ALLMAN. — G^K^Y. GEOMETRY FROM THALES 
EUCLID, By G. J, Ali,man. 6vo., lor. &/. 

CASEY.—Work'i by JOHN CASEY. LL.D., F.R.S. 
'^;^E elements of EUCLID, books I.-VL and Pre 

positions, l.-XXr. of BiJiik XI., and an AppendU of the Cylinder. Sphere, 
Cone, etc. With Copious Annotations and numetous Evercises. Pep. flvo., 
4J, 6it^ Kev to EKtrcises, Fcp. Svjj.. 6j', 

'a sequel to the elements of EUCLID. Part 

BoQlti I.-VL With numerous Examples. Fcp. 8vo., y. 6rf. 

A treatise on the analytical geometry 01 

THE POINT, LINE, CIRCLE AND CON3C SECTIONS, Conlainin 
;I7I .4oeo.uii( of i'i n\a%{ tMa^W. E.^Lenainn . Ciswn %-jo., \is. 
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GEOMETRY AND WJC\.\X>-Oo»littued. 

jKrf^/ZrOiV:— ELEMENTS OF QUATERNIONS. By the 
late Sir WiLLiAU Rowan Hamilton, LUD., M.R.I. A. Edited by Chahi.es 
Jaepen Joly, M.A., Fellow of Trinity College, Dublin. 2 vols. 410. au. 
net each. 

IflMJS.— THE OUTLINES OF QUATERNIONS. By Lieut.- 
Colonel H. W. L. Hime, late Royal Attillery. Crown 8vo., los. 

iOH/— TEXT-BOOK ON PRACTICAL, SOLID, AND DE- 
SCRIPTIVE GEOMETRY. By David Allan Low, Professor of Engineer- 
\ag, E^t London Technical College. Crown 8vo. 

Part I. With 114 Figures, 2s. 

Part II. With 64 Figures, 3s. 

MORRIS.— V^otVs hy I. HAMMOND MORRIS. 

PRACTICAL PLANE AND SOLID GEOMETRY, including 

Graphic Arithmetic fully Illustrated with Drawings prepared specially by the 
Author. Crown 8vo., 2j. dd. 

GEOMETRICAL DRAWING FOR ART STUDENTS. 
Embracing Plane Geometry and its Applications, the Use ttf Scales, and the 
Plans and Elevations of Solids as required in Section I. of Science Subjects. 
Crown 8vo. , as. 

SM/TJI.— ELEMENTS OF GEOMETRY. By J. Hamblin 
Smith, M.A, Containing Books i to 6, and portions of Books 11 and 12, of 
Euclid, with Exercises and Notes. Crown 8vo., aj. 6rf. Key, crown 8vo., 
83.6rf. 

Books I and 2, limp cloth, is. 6d., may be had separately. 

SROOJVER.— THE ELEMENTS OF GEOMETRICAL DRAW- 
ING : an Elementary Tent-book on l*ractical Plane Geometry, including an 
Introduction to Solid Geometry. Written 10 include the requirements of the 
Syllabus of the Board of Education in Geometrical Drawing and for the use of 
Students preparing for the Military Entrance Examinations. By Henry ]. 
SfOONER, C.E., M.Inst. M.E. ; Director of the Polytechnic School of Engineer- 
ii^i etc Crown 8*0., 31. fid, 

IVATSOM—ELEMEi^TS OF PLANE AND SOLID GEO- 
METRY. By H. W. Watson, M.A. Fcp. Svo., 31. 6a. 

JfTZ^OJV.— GEOMETRICAL DRAWING. For the ukc of 

Candidates for Army Examinations, and ^is an Introduction to Mechanical 
Drawing. By W. N. Wilson, M.A, Parts I. and II. Crown 8¥0., 4s. 6ii. each. 

WfJVTER.— ELEMENTARY GEOMETRICAL DRAWING. 
By S. H. Winter. 

Part I. Including Practical Plane Geometry, the Construction of 
Scales, the Use of the Sector, the Marquois Scales, and the Protractor. 
With 3 Plates and 1000 Exercises and Exatnitvation Papers, Tosl Svo.^ e;. 
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TRIGONOMETRY. 

CASEY. — A TREATISE ON ELEMENTARY TRIGONO- 
METRY. By John Casey, I.L.D., F.R.S., lateFellow of the Royal University 
of Ireland, with numerous Examples and Questions for Exatnination. lamo, 

CZAJ?J^£.—l^LANE TRIGONOMETRY. Containing the more 
advanced Propositions, Solution of Problems and a complete Summary of For- 
mulae, Bookwork, elc, together with recent Examination Papers for (he Army, 
Woolwich, eic. With Answers. By the Rev. A. Dawson Clarke, M.A., SL 
Johns College, Cambridge. Crown 8¥0., 51. 

GOOI>W/JV.—\\'orV.s by H. B. GOODWIN, M.A. 

PLANE AND SPHERICAL TRIGONOMETRY. In Three 

Parts, comprising Ihose portions of the subjects, theoretical and practical, 
which are required in the Pinal Examination for Rank oT Lieutenant at 
Greenwich. 8vo, , 8j. 6fl'. 

ELEMENTARY PLANE TRIGONOMETRY. With numerous 
Examples and Examination PapeiB sel at the Royal Nava! College in recent 
years. With Answers. 8vo., 5J. 

/ONES.— THE BEGINNINGS OF TRIGONOMETRY. By 

A. Clement Jones, M.A., Ph.D., hite Open Scholar and Senior Hulme 
l^xhibitioner of Brasenose College, Oxford ; Senior Mathematical Master of 
Bradford Giammar School, frown Bvo., as. 

MUJfJ^A v.— FLANK TRIGONOMETRY FOR COLLEGES 

AND SECONDARY SCHOOLa By DANIEL A. MUHRAV, B.A., Ph.D., 
Instructor in Mathematics in Cornell University. Crown 8vo. , y. bd. With 
Logarithmic and Trigonometric Tables. Crown 8vo., 5J. 

■^j*///"/^.— ELEMENTARY TRIGONOMETRY. By J. Hamblin 

Smith, M.A. Crown 8vo., 4J. 6rf. Key, 71. 6rf. 

OPTICS, PHOTOGRAPHY, ETC. 

^.S7V.Ey— A TREATISE ON PHOTOGRAPHY. By Sir William 

DE WivELESLie Abney, K.C.B., F.R.S., Principal Assistant Secretary of the 
Secondary Department ot the Board of Education. With 134 Illustrations. 
Fcp. 8vo., 51. 

DEUDE.-THE THEORY OF OPTICS. By Paul Drude, 
Professor of Physics at the University of Giessen. Translated from the German 
by C. RiBOKG Mann ;ind Robert A. Millikan, Assistant Professors of 
Physics at the University of Chicaga With no Diagrams. Bvo., i^r. net. 

GLAZEBXOOA:.— PHYSICAL OPTICS. By R. T. Glaze- 

BROOK, M.A., F.R.S., Principal of University College, Liverpool With 183 
Woodcuts of Apparatus, etc. Fcp. 8vo., 6s. 

VANDEJiPOEL.—COhO^ PROBLEMS : a Practical Manual 

for the Lay Student of Color. By EmiI.y Noves Vandrhpoel. With 117 
Plates in Color. Square 8vo,, au. net. 

W^/6'/^7-.— OPTICAL PROJECTION: a Treatise on the Use 
of the Lantern In Exhibition and Scientitic Demonstration. By Lewis Wright. 
Author oi ' Light : a Course of Experimental Optics '. With 133 Illuslrations. 
Crown 8vo., 6s. 
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SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 

Z'£;i:7E^.— ELEMENTARY PRACTICAL SOUND, LIGHT 

AND HEAT. By Joseph S. Dexter, B.Sc, (Lond.), Phy^cs Master, 
Tpchnical Day School, The Polytechnic Institute, Regent Street. With ija 
Illustrations. Crown 8vo., ai. dd. 

EMTAGE—IAGHT. By W. T. A. Emtage, M.A., ~)hectot of 
Education, Mauritius. With 232 Illustrations. Crown 8vo.. & 

HELMHOLTZ.—Q^ THE SENSATIONS OF TONE AS A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Hkb- 
MANN VON Hblmkoltz. Royal 8vo., aS/. 

MAXWELL.— 'YYi^O^Y OF HEAT. By J. Clerk Maxwell 

M.A., F.R.SS., L. and E. With Corrections and Additions by Lord RaV 
LEIGH. With 38 Illustrations. Fcp. 8vo., 4J. 6rf. 

SMITH.— THV. STUDY OF HEAT. By J- Hamblin Smith, 

M.A., of Gonville and Caius College, Cambridge. Crown 8vo. , 31. 

rVJVDALL.— Works by JOHN TYNDALL, D.C.L., F.R.S. 
See p. 36. 

tVOJlM-EZL.—A CLASS-BOOK OF THERMODYNAMICS. 

By RICHAKD WOKMELL. B.Sc., M.A. Fcp. 8vo., II. 6rf. 

IVJi/GIfT.— Works by MARK R. WRIGHT, M.A. 

SOUND, LIGHT, AND HEAT. With 160 Diagrams and 

Illustrations. Crown Svo. , aj. 6ii, 

ADVANCED HEAT. With 136 Diagrams and numerous 

Examples and Examination Papers. Crown 8vo., 41. 6ti. 



STEAM, OIL, AND GAS ENGINES. 

SALE.— A HAND-BOOK FOR STEAM USERS; being Rules 

for Engine Drivers and Boiler Attendants, with Notes on Steam Engine and 
Boiler Management and Steam Boiler Explosions. By M. Powjs Balk, 
M.I.M.R, A.M.I.C.E. Fcp. 8vo., 2J. 6rf, 

CLEXJ^.—r HE GAS AND OIL ENGINE. By Dugald 
Clerk, Member of the Institution of Civil Engineers, Fellow of the Chemical 
Society, Member of the Royal Insiitution, Fellow of the Institute of Paienl 
Agents. With 338 Illustrations. 8vo., 151. 
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STEAm. OIL. AND CAS E.tlG\l*E9-CnHii»He^. 

HOLMES.— THR STEAM ENGINE. By George C. V.| 



HoLHES. Cli»irinan oF ihe Board of Works, IreJaad. Wilh 
Vcp. Svo., 6j. 



Illu^Lraltons 



NEILSOJ^.—TVi'S. STEAM TURBINE. By Robert MJ 

NeilsdN, Wliilwonh Exhibiiioner. Aaoclate Member of the Instituie 
Mechanical Etiginfors, I-eciurei on Steani ;m(l lie Sleani Engine at tb 
Heginbouom Technical Si:hool, .^hton-iin(li.T-Lyne. With 145 lllusiratinns 
Bvo. , y. bJ, 1121. 

NORRIS.—h PRACTICAL TREATISE ON THE 'OTTO' 

CVdLE GAS ENGINE- Ry Wiluam Nonkrs. M.t.Mech.E. Wuh 
lOuslralions. Bvu. loi. 6rf. 

.ff//V^.ff.— Works by WILLIAM RIPPER, Professor of Engineer- 
ing in the Technical Iteparliiient of Universitj' College, SfiefSeld. 
STEAM. With t8s lUustrarions. Crown Svo., ii. 6rf. 

STEAM ENGINE THEORY AND PRACTICE. With +3 
llliBtralions. Svo. , 91, 

SENNETT Aifn OUAHf.—T^Y. MARINE STEAM ENGINE 
A Treatise for Engineering Smdtfnis, Young Engineers and Otficers nf ihe 
Royal Navy nnd Mercantile Marine. Hy llie late Richahd Sewmu' 
Engineer-ir-Cliiel of Ihu Navy, eic, ; and Hknhv J. Ok.^M, Senior Engin 
Inspector at the Admiralry, Inspeciar of MaL-hiuery in H.M. fleet, etc. 
Wilh 414 DiaHmnis, Svo., 211. 

^r^(?Jf£y£i?.— MARINE BOILER MANAGEMENT AN 

CONSTKUCTiON. feing a Trailise on Boiler Tmubles and Repairs, 
Corrosio-n, Fiieh, and Heal, on the- properties of iron and Steel, on Boiler 
Median Jcs, Workshop I'racticea, and Boiler Design. By C. E. STROMHver, 
Chief Kngiri'rar of ite Manchester Sleani Users' Association, Member 
Council of the Inatitution of Naval Arehllecls, etc. With 453 Diagrams, etc' 
8vD. , I2J. net. 

ARCHITECTURE, BUILDING CONSTRUCTION, ETCJ 

ADVANCED BUILDING CONSTRUCTION. By the Author 



\ 

the , 



of ' RivinglQHs' Notes on Building Construction'. 
Crown Bvo,, 41. 6rf, 



With 385 riliasiniiion^l 



.g(7^/?£ZZ.— BUILDING CONSTRUCTION. By Edward JJ 

BuKKKL.l-, Second Master of the People's PalacG Tecbnical School, London.j 
Wilfi 303 Working Drawing;. (Jtown B»o, , sj; bd. 

GlVILT.—hN ENCYCLOP/EDIA OF ARCHITECTURE. 
By Joseph. Gwii.t, F,S.A, R''»isf;cl (iHSS), willi Alwritions and Con5idera.ble 
Additions by WVATT Papwokth, Wilh 1700 Engravings, 8vo,. ar.t. net. 

PARKER A^D 67VMV/V:— THE ART OF BUILDING 

HOMK; A ColleciiOQ of Lectures and [llustratLons, By Bakrv Pawker ajid 
RjVHOND Unwin. Wilh 63 full-pagf Plate?. 8vo, lor, fni. net. 

^/C-tf.4y?ZJ5.— BRICKLAYING AND BRICKCUTTING. By 
H. W. RlCHAHDS, ELtaminer in Brichwork cfld Ma;onry to the CitysncI Guit 
of L.ondon fjTsLitutr, Head of Building Trades Department, Norlbern Pial 
lechnic institute. London, N. With ovci aoo V\ta^\.f.\voA\^, avi... v-^l- 
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ARCHtTECTURE, BUrLDING CONSTRUCTION, ETC-QinliHund. 

,.5:£iJZ)0/V.— BUILDER'S WORK AND THE BUILDING 

TRADES. fly Lai. H. C, Seuddn, R.E., late Superintending Engineer, 
H.M.'a Dockyard, Porlsiuontb ; Kxaiiimcr in Building CQDStnicUDQ, Scieoce 
and Art Deparimeni, Souih Kensington. Wilb niuneFoua lliuslratioDS. 
Mertiam flvo., i6i. 

'BALDER.— ^OOK. OF TABLES, giving the Cubic Contents of 

from One lo Tlu'Tly Pieces Deals, Banens and Scantlings of the Siaea usually 
imporled or n^ed in Ihe BuiLdjng 'I'radea. logtLher wiLh an Appendis showiixga 
large (iiimtjfr of si«!S, Che Conlents of winch may be fuiind by refHrring to lie 
aforesaid Tahles. By TmiM.lS Valdkr. Oblcng i^lo., 6r. nel, 

RIVmCTONS' COURSE OF BUILDIHC C0H8TRUCTI0H. 

lOTES ON BUILDING CONSTRUC'l'ION. Arranged to meet 
Ihe reqiiiremenls of ihe syllibiis of Ihe Boanl or Ediicsllon. Mpdiutn B'VO'. 
Part I. Elementary Stage. With ^52 Illustrations, gj, net. 
Part II. Advanced Stage. With 479 Illustrations, *js. net. 

Part III, Materials. Course for Honours. With 188 Illuslra- 
liODS. lis, nel. 

Pan IV. Calculations for Building Structures. Course for 

tfpnoBus. With 5^1 ILluatrations, i^f, pet. 



ELECTRICITY AND MAGNETISM. 
iJiRHENIUS.—A TEXT-BOOR OF ELECTROCHEMIS- 

TRY. By SvANTE Akhueniijs, Professor at Lhe Uniueisily tjf Stoektiolm. 
TiansJaied riom ItiG Gemiati Ediiion by Joim McClcMi, Ph.D. With 5B 
lliustraliom, Bva. , 9.L 'iti, ael, 

7AJi US- (r/ZJOA^— ELECTRO-DYNAMICS ; tlie Direct- 
Currcm Motor, By Charles Ashlhv Carus-Wilsun, M,A. Canlnb. With 
71 Diagrams, anil a Series of Problems, wilh Answers. Crown Bvo., yj. 6d. 

■6'it/.fy"/.A'ff,— ELECTRICITY TREATED EXPERIMEN- 
TALi.V. ByLlNNjEUsCUMMiNa, M.A Willi aj2 [llustralions. Cr 8vo.,4i.6rf. 

I ^y4 K— EXERCISES IN ELECTRICAL AND MAGNETIC 
I MEASUREMENTS, with Answers. By R. E. DAV. tamo., y. fU. 

fr/7-ZG£J^AI.D.— n-iK SCIENTIFIC WRITINGS OF THE 
I LATE GEORGE FR.\NC1S FITZGERALD, ScD.. F.R.S.. F.R.S.E.. 

I Fellow of Trinity College, Dublin. Collpclecl and Edital, with afl Hislerieal 

I Introduction, by |usEPH l..\RMm, SecliS., Fellow of St. John's College, 

I Cambridge. Wilb Port, ail. Bvo., 151. 

JcORS.—THK ART OF ELECTRO-METALLURGY, including 
I all known PriKMsesof Electro -Deposition. By G. Gohe, LL.D., K U.S. Wilh 

56 III U5t rations. Fcp. fivo., 6j. 

/^'A'^.E^.yOA^— WorksbyJOHNHENDERSON,D.Sc.,F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 

159 Illnslrations and Diaerams, Crown Svo, , 61. 6ff. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 

TRICJTY, Croivi) Svo,, u. 
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ELECTRICITY AND MAGNETI8M-0>»/>'»H«tf. 

/£AA7A:— ELECTRICITY AND MAGNETISM. By Fleeminq 
JENKIN, F.R.S., M.I.C.E. With 177 Hluslralions. Fcp. Bvo., y. td. 

/OUSEXT.— ELEMENT AR\ TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Jouberts 'TraiW SiSraentaire d'^lec- 
Iriciie'. By G. C. Foster, RR.S., and E. Atkinson, Ph.D. With Illus- 
trations, Crown 8vO. [Nrui Edition in the Prtss. 

/OFCi.— EXAMPLES IN ELECTRICAL ENGINEERING. 
By Samuel Joyce, A.I.E.E. Crown Svo., 51. 

MACLEAN AND MAJiCHANT.—E\.EMEJNTAK\ QUES- 
TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com- 
piled by MAGhus Maclean, D,Sc.. M.I.E.E,, and E. W. Marchant, D.Sc, 

A.I.E.E. Crown Bvo., is, 

MERRIFIELD.^UkGHETlSU AND DEVIATION OF THE 
COMPASS. By John Mkrkifield. LL.D., F.R.A.S., iSmo., aj. 6d. 

A4^i?.— PRACTICAL ELECTRICAL TESTING IN PHYSICS 
AND ELECTRICAL ENGINEERING. By G. D. Aspinall Pahb, Assoc. 
M.I.E.E. Witha3i lUustralions. 8vo., 8^. 6d. 

POVSEJi. —Works by A. W. POYSER, M.A. 

MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown 8vo, , aJ. 6d. 
ADVANCED ELECTRICITY AND MAGNETISM. With 

317 Illustrations. Crown 8vo., 41, 6d. 

RHODES.— AH ELEMENTARY TREATISE ON ALTER- 
NATING CURRENTS. By W. G. Rhodes, M.Sc. (Vict.). Consulting 
Engineer. With So Diagrams Bvo., 71. f>d. net. 

SLINGO AND BEOOKER.— Works by W. SLINGO and A. 
BROOKER. 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 371 Illustrations. Crown Bvo. , lai. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTRICITY AND MAGNETLSM. With 98 Illustrations. Cr. Bvo..ar. 

ryVWJ^ZZ— Works by JOHN TYNDALL,D.C.L.,F.R.S. Seep.36. 

TELEGRAPHY AND THE TELEPHONE. 

ffO/^A7A^5. — TELEPHONE LINES AND THEIR PRO- 
PERTIES. By William J. Hopkins, Professor of Physics in the Drexel 
Institute, Philadelphia. Crown 8vo., 6s. 

PREECE AND SI VEIVR/GHT.— TELEGKAPHY. By Sir W. 

H, Pkeece, K.C.B., F.R.S., V.P.lnsi., C.E., etc., Constilling Engineer satA 
Electrician, Post Office Telegraphs; and Sir J.Sivewright, K.C.M.G-.GeaaBl 
Manager, South African Telegraphs. VJii'ti 567 YiasuM-vma. Fcp. 8vo., 6t. 



ENGINEERING, STRENGTH OF MATERIALS. ETC. 

iNDERSON.—THK STRENGTH OF MATERIALS AND 

STRUCTURES ; the Slreneth of Malerials as dependirn; on their Qualil)- and 
as ascertained hf Testing Apparallis. By Sir ]. ANuEftSOll, CE,, LL.D., 
F,R.S.E. With M niusiraiions. Fcp, B*o., 31. 6d. 

M-^^K— RAILWAY APPLIANCES; a Description of Details 
of Railway Construction sutMnqufni to the completion of the Earthworks and 
aniciures. By Sir John Wolfe Barry, K.CB,, F.R.S., M.I.C.E, With 
3)8 niusiriiliDns, Fcp. &yo.. is. bit 

W/'/DCA'— ANEWSVSTEM OF HEAVY GOODS TRANS- 
PORT OM_ COMMON ROADS. By Braham Joseph DifLocK. With 
07 lUuatralions. 8vo. 

JOOZJjIMA:— MECHANICS APPLIED TO ENGINEERING. 

By John Goodman, Wh.Sch., A.m. I. C.E.,M.I.M.E., Professor of iingineering 
in the Vorlcshire College. L.eeils (Victoria University). W:itli 63O' TUddtrations 
and numeriiits Examples. Crown Svo., ji. 6d. net. 

.OW. — A POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By David Ai.i.as low |Whiiworth Scholar), M.I.Mech.E.. 
Professor of Engineering, ftast Ijindon Teebnitial College (Pwiple's Palace). 
London. With over 1000 specially prepared lUu&lralions. Fcp. Bvo., gilt edges, 
rounded comets, ji. 6d. 

VAJiKINSON.—iAGHT RAILWAY CONSTRUCTION. By 
RlCHAKU Makjon PARSiissorf, Assoc. M. Iii&t.CE. With B5 Diagrams, 
Svo., loj. 6d. net. 

SJ//7W.— GRAPHICS, or the Art of Calculation by Drawing 
Linc5, ajiplied especially 10 Mechanical Engineering. By Rcibbht H. Smith, 
Professor of Engineer irig. M^on College, Birmingham. Part I. WEth 
separate Atlas of 99 Plates contajnljig 97 Diagrams. 3vo. , 15T. 

STOiYey^THE THEORY OF STRESSES IN GIRDERS 

AND SIMILAR STRUCTURES; with Praclical Observations an the 
Streogth and other Properties of MaieriaLs. By Bindoh B, Stoney. LL.D., 
F.R.S., M.I.C.E. With s Plates and 143 lllusl. in IheTmtt. RovaiSvo., afij. 

Wtf'/M— THE TESTING OF MATERIALS OF CONSTRUC- 
TION. A T^ji-book for the Engineering l-abor;»iory and a Collection of 
the Results of Eipermienl. By W. Cawthohne LInwin. F.R.S,, B.Sc 
Wilb 5 Plate; and ;6B Illus list 10115 ^nd Diagrams. Svo, , i6f, net. 

|«'.4y?j?£iV.--ENG IN BERING CONSTRUCTION IN IRON, 

STEEL. AND TIMBER. By Wiu-iAM Henry Wasreh, Challis Professor 
il CivJ and Mechanical Engineering. UniversiCy of Sydney. With 13 Folding 
Plates and 375 Diagrams. Royal Bvo. , i6i. net. 

^^EBLER.—TKE SEA COAST: Destruction, Littoral Drift, 
Protection. By W. H. Whrelee. M.Inst. CE. Witb 38 Illustrations ud 
Dii.gr.ana. Mediurn 8vo.. icu. bd. oeL 
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LONGMANS' CIVIL ENGINEERING SERIES. 
CIVIL ENGINEERING AS Al'fUED TO CONSTRUCTION. 

By LkveSON FHANCiS Vehnon-Hahcourt, M.A., MJinsi.CE. With 368 
I Itustra.li'DQB. Medjuni Svo.. 1^. net. 
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and E, E. Austen. With Supplementary Reports by Major G. M. Giles, 
M.B. and R. FlELDJNO-OuLD, M,B. an. 

III. Report of the Malaria Expedition to Nigeria. Part I. Ma- 
larial Fever, etc. By H. E. Annett, M.D., J. Everett Dutton, M.B, 
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VII. Report of the Yellow Fever Expedition to Par.-i (1900). By 
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4to., js, 6d. 

VIII. Report on the Sanitary Conditions of Cape Coast Town. 
With suggestions as 10 improvement of same. Hv M. Logan Tavlok, 
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of Physiology in the L'Diversiiy of EdiiiLurRli ; and Gkobgr Dancer Thani 
Professor of Anatomy iti Universily College, London. 



Vol, L, Part T. EMBRYOLOGY. 

By E. A, SCHAFEF, 1-".R.!3. With 

ago lllusimiiotis. RoyidSvo., t^. 
Vqu 1., PART II. GENERAL ANA- 

TOMYOR HISTOLOGY, By E. 
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M.R.C.S., I..S..A., L.D.S., Dental Surgeon to Sl. Mate's Hospital, Dean * 
the Sctiftul, Denial Hospital of Ijjhdon, etc, ; and J. F. COt.YEB, L.R.C.PJ 
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dency College, Calcutta. Wilh 117 Illustrations. 8vo,, las. dd. 
•," Thii 7-otume deifribti exptrimeHlal imfs/tgafwns on animal, vegetahU and 
inorganic substances regarding Iheir mponse to stimulus. Thest restarches show that 
tht effects of fatigue, stimulants, depressants and fuisons are alike in Ike organic and 
inergonic, and demonstrate thai the response phenomena in the ' living' havt iteK 
foreshodoTivd in the ' non-living' . 

BRODIE. — THE ESSENTIALS OF EXPERIMENTAL 

PHYSIOLOGY. For the Use of Students. By T. G. Bboiue, M.D., 
Lecturer on Pliysiology, St. Thonia.'i's Hospital Medical School. With 3 
Plates and 177 iUuatraiions in the Text. 3vo. ,6.'. bd. 

CHAPMAN.— TH^ FORAMINIFERA : An Introduction to the 

Study of the iVotoio-i. By Frederick Chapman, A.L.S., F.R.M.S, 
With 14 Plates and 42 Illustrations in the Text. 8vo. , 95. net. 

FUJiNEAUX.—nVMA.^ PHYSIOLOGY. By W. Furneaux, 

F.R-G.S. With 218 Illustrations. Crown 8vo.. 21. 6d. 

HUDSON AND GOSSE.— THE ROTIFERA, or 'VVHEEL- 

ANIMACULES'. By C. T. Hudson, LL.D., and P. H. Gosse, F.R.a 
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to. , lor. 6d. each. 
Supplement laj. 6d. Complete in 2 vols., with Supplement, 410., £4 41. 

MA CAL/STEJf. — Works bv Ar.EXANDER MACALISTER, 
M.D. 

AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 
AND MORPHOLOGY OF VERTEBRATE ANIMALS. Wilh 41 
Diagrams. 8«i., loj. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams, Fcp. Svo. , 11. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 
Diagrams. Fcp. Svo. , 11. &d. 



r 



ScuttHfic Works pul>Iished by Longmans, Green, &• Co. 33 



PHV8IOLOQY, BIOLOGY, ZOOLOGY, ETC.- Continued. 

MACDOUGAL. — Works by DANIEL TREMBLY MAC- 
DOUGALL, Ph.D., Director of the Laboratories of the New 
York Botanical Garden. 

PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY. 

With 159 Ulustratians. 8vo., ys. 6d. net. 

ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustra- 
tions. Crown 8vo., y. 

MOOJiE.—Y.LFMEiiTARY PHYSIOLOGY. By Benjamin 
MOOBE, M.A., Lecturer on Physiology at the Charing Cross Hospital Medical 
Scbool. With las lUusirations. Crown Bva, 31. 6d. 

AfOJiGAN.—AmUAI. BIOLOGY : an Elementary Text-Book. 
By C. Lloyd Morgan, F.R.S., Principal of University College, Bristol With 
103 Illustrations. Crown 8vo. , Ss. 6d. 

SC^AF£J?.— DIRECTIONS FOR CLASS WORK IN PRAC- 
TICAL PHYSIOLOGY : Klemenlaiy Physiol<^ of Muscle and Nerve and of 
the Vascular and Netvous Systems. By E. A. SckAfer, LL.D., F.R.S., 
Professor of Physiology in (he University of Edinburgh. With 48 Diagrams. 
8vo., 31. neL 

THORNTON.—WotU by JOHN THORNTON, M.A. 
HUMAN PHYSIOLOGY. With 267 Illustrations, some 
Coloured. Crown 8vo., 61. 

ELEMENTARY BIOLOGY, Descriptive and Experimental. 
With numeroui Illustrations. Crown 8vo. , 3^. 6d. 



BACTERIOLOGY. 

CWP775.— The ESSENTIALS OF PRACTICAL BACTERI- 
OLOGY : An Elementary Laboratory Book for Students and Practitioners. By 
H. J. Curtis, B.S. and M.D.(Lond.),F.R.C.S. Wiih 133 Illustrations. 8vo.,9J. 

DH/NGRA.—Mi INTRODUCTION TO IBACTERIOLOGY. 

{Specially designed for Indian Medicnl Students.) By M. L. nHCSGKA, 
M.D.D.P.H. 

jFJiANKLAND—MlCRO-ORGMilSU^ IN WATER. To- 

gether with an Account of the Bacteriological Methods involved in thar 
Investigation. Specially designed (or the use of those connected with the 
Sanitary Aspects of Waier-Suppty. By Pkrcy Frankland, Ph.D., aSc. 
(Lond.l, F.R.S.,andMrs, Percy Ffi AH KL AND. With 2 Plates and Numerous 
Diagrams. 8vo., i6t. net. 

Jf'JiANA'LAND.— BACTERIA IN DAILY LIFE. By Mrs. 
Percy Franki.and, F.R.M.S. Crown 8vo. 

GOADBY.—TUE MYCOLOGY OF THE MOUTH: A Text- 
Book of Oral Bacteria, By Kenneth W. Goadby, L.D.S. Eng., etc ; 
Bacteriologist and Lecturer on Bacteriology, National Denial Hospital, etc. 
With Dumerous Illustrations. Svo. 
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FERMENTATION ORGANISMS 



^ZOCvTS^. — FERMENTATION ORGANISMS IN THl 

THEOWV AND PRAi TICE OF THE ALCOHOLIC FERMENTATIO!' 
INDUSTRY, wiih special reference to ihe ConstniL-Iion and Work of l^bon 
toriss for the Physiology ontl TecLnipliigy ot Firrni'inlati on. By AUB 
Kl.BCKEft. '! ranslaled by G. li. ALLAN, B.'Sc,, and Jl. H, MILIAR, F.I.C 
Wiltl i^G II tusLra lions In ihe liMI. Svo. 



BOTANY. 

,4/rjt£A^. — ELEMENTARY TEXT-BOOK OF BOTANYj 
By Editb ;^itkek, late Soliolar of Girtoo College, Willi 400 DioKiams 
CTOwn Svo.i 4J. &/. 

BENNETT and J/i/^yp^K— HANDBOOK OF CRVPTO-I 
GAMIC BOTANV. By Alfked W, Sknnett, M.A., B.Sc, F.L-S.. Leclu 
on Hottiry at St. Thomas's Hospital ; and George MutBAV, F.L.S.. Keep 
oTBotany, British Museum. With 37S IHiislrations, Svo. , ifij. 

CROSS AND BEVAN.—'Hat\% by C. F- CROSS, E. J. EEVAl 
and C. BF,A1JLE. 

CELLULOSE: an Outline of the Chemistry of the Stnictura 
Element? of PlHtits. With Reference 10 their Natural History and Industrii 
Uses. With 14 Plates. Crown ato., 121. net. 

RESEARCHES ON CELLULOSE, 1895-1900, Cr.8vo.,6x.ne^ 

EDMONDS.— y^oj\% bj HENRY EDMONDS, B.Sc, Londor 
ELEMENTARY BOTANY, With 342 Illustrations. Cr.8vo.,zj.( 
BOTANY FOR BEGINNERS. With 85 Illustrations. Fee 

Bvo. , I J. bd. 

FARMER.— A PRACTICAL INTRODUCTION TO THl 
STUDY OF BOTANY: Flowenng Plants. ByJ. EhetlandFabmkb, F.R.S 
M.A., ProfessDr-Df Botany In llie Royal College of Science, London. With : 
IlJiistr;!iioiis. Crown Svo, ai. 6rf. 

KITCHENER.— k YEAR'S BOTANY. Adapted to Home an^ 
School Use. By Frances A. KiTCHENEH, With 195 Illustraliooa. Cr. Bvo.,. 

LINDLEY AJfD MOOJfE.—TWE. TREASURY OF BOTAN' 
Edited by J. LJMit.EV, M.D,. F.R.S., and T. Moohe, F.L.S. With 20 " 
Plaies and numerous WoDdeuls; Two parts. Fcp. Svo,. tai, 

JfcJV^.^.— CLASS-BOOK OF BOTANY. By W. R. McNai 

MORPHOLOGY AND PHVSl- 1 CI,ASSlFlCAT10^f OF PLANT 

OLOGY. Wiifa 4a Diagram;. | With ue Digrams, Fcp. 8v 

Fcp. 8vo., \i. 6s/, If. 6rf. 

^JiAC/EE.^A POPULAR TREATISE ON THE PHYSK 

LOOY OF PLANTS. By Dr. Paul Sobauek. Translated by F. E, Weiss. 
B.Sc.. F.L.S. With 33 Illustrations. 810.. qj. i\a. 
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fiffOAfi: AND ^^ATV^'rr.— STRUCTURAL AND PHYSIO- 
LOGICAL BOTANY. B,' arru W11.HBLM TuoMfi and by Ai.fred W. 
Beknett. B.Hc.F.L.S. WilliCQiourisi M^pandfiooWoodcuIs. Fcp.Bvo-.&i. 

'UB£ £/ A— DISEASES OF PLANTS INDUCED BV 

CRYPTOGAMIC PARASITES, IniroauctioH to (he Sluidy of Pathogenic 
Fungi, Slime Fungi, Baclerin and Algte. By Dr. Kabu Fbhiukhe von 
TuBEUt', Prii'ai-dopeni in ibe (jDiversLty of Munich. English Ediiion by 
WiLI.IAM G, SmcTH, B.Sc., Ph.D., Lecllirer on Hani PhysioLogv, University 
of Edinburgh, Willi 33c? Ill iis [rat ions. Royal Rvo. , i8j, n'ei. 

fATTS.—h SCHOOL FLORA- For the use of Eleinentary 
Botaiiioal Classes. By W. Maksmai-L WATT5. D.Sc. Ijind. Cf, B«o., as. 6rf. 

AGRICULTURE AND GARDENING. 
FjO/JKJ«A^— AGRICULTURAL ANALYSIS. A Manual of' 

ijimntitative Ana-iysis. for Studenis of Agrimliure. By Frank T. Addymam, 
B.Sc. (Land.), F.I.C. With 49 II lusLrationa. Crown Bvo., y. aei. 

fLEMAN AND /^Z)j9rAM7V; — PRACTICAL AGRICUL- 
TURAL chemistry. By J. BHBNAHoCoi.eHAN,A.R.C.Sc.. F.I.C, and 
FrankT. Addvmam, B.Sc. lLoBd.|, F.I.C. Wiih a* niuswadons. Crtiwn 
Bwo. , tj 61/. net. 

\GGAI{I>.—\\'qxV^ by H. RIDER HAGfJARD. 

FARMER'S YEAR : being Ms Commonplace Book for 1898. 
Wilh 36 lUustralions by G. LfiON LlTTLS and three others. Crown Bwo., 
•}!. 6rf. net. 

lURAL ENGLAND : heiHg an .\ccoiint of Agricultural and 

.Social ReseiircheB carried ijut In llic years 1901 and 1902. Wilh 33 Agricullural 
MapE and 75 Illastrationii rrom Photografjis. a vols. Svo., 36^. net. 

fEATKERS. — ^ PRACTICAL GUIDE TO GARDEN 
PI.ANT.S. Conia-ining Diiscriptioni of ilie Hardiest and most Beauiiful 
AnnuaJa and Bienniids, Hardy Herbaci^ciis iind Bulbous feriinnials. Hardyj 
Water and Hog Planl!, Flowering and Urnamentai Trees and Sliruls, Conifers,' 
Hardy Fprns. llardy Ba.mbo(W and olhi?t Orn:iiHenlal Grasas: and also the" 
best kinds of Fniii anil Vegetables thai niuy be {r own in the Open Air in Ibe 
Briiish tslanrt!, wilti Fu!! and Praeiiral ItiBtruciion? 5i 10 Culture and Propa- 
gation, By John Weathers, F.R.H..S. ,laie Aa-siB'-snt Secretary 10 ihe Royal 
Horticuhurai Society, formerly of Itie Royal Gardens, ICew, etc With 163 
Diagrams. 8vd.. 211. net. 

e^.5.— Works by HENRV J. WEBB, Ph.D., B.Sc, (Loud,). 

lLEMENTARV AGRICULTURE. A Text-Book speciallj' 

adapted to ihe requirsnn;nls of tlic Board *f Eduiation, the Junior 
Exam I nut ion of itie Royal .AgriLuiLural .Society, and otber Clemeitlary Exuiui- 
nalions, With 34 llJustiiitiDns. Crown Svo., ii. td. 

^.GRICULTURE. A Manual for Advanced Science Students. 

With too IHiistntlons. Crown 8vo., 71. bd. nei. 
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LECTURES ON SOUND. With Frontispiece of Fog-Syren, and 
203 other Woodcuts and Diagrams in the Text. Crown 8vo., icu. 6rf. 

HEAT, A MODE OF MOTION. With 125 Woodcuts and j 
Diagrams, Crown 8vo,, laj. 1 

LECTURES ON LIGHT DELIVERED IN THE UNITED I 
STATES IN 1872 AND 1B73. With Portrait, Lithographic Plate, and 59 '■ 
Diagrams. Crown 8vo. , 5;. 

FRAGMENTS OF SCIENCE: a Series of Detached Essays, 

Addresses, and Reviews. 2 vols. Crown Bvo. , i6t. 

Vol. I,— The CoQBtiiuiian of Niiuic— RadiaiioD^Oti Radiant Hut In Reliiion to the 
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Vol. 11.— R«flei:iions 00 Prayer and Natural Law— Minelea and Speci»l Providences — On 
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Address — Apology tor the Belfast Address — The Rev. James MARTmtAU and thft 
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taneoua Generation — Science and Man — Profeasoi Virchow and Evolutitm — Till 
Electric Light. 

NEW FRAGMENTS. Crown 8vo., los. 6d. 
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-^Coutii RumfoTd — Lauii Paateur, his Life and Labours — The Rafabowaad its Congeners — 
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Alpa—Aboui Common Water — Personal Recollections of Thomas Carlyle — On Uaveilin; the | 
Statue of Thomas CaiEyle— On the Origm, Piopagatioa. and Prevention of Phlhiai^— Old 
Alpine jottings— A MorninE on Alp LuBgea. i 

ESSAYS ON THE FLOATING MATTER OF THE AIR IN j 

RELATION TO PUTREFACTION AND INFECTION. Wilb 24 Wood- i 
cuts. Crown 8vo., 71. 6ii. ' 

RESEARCHES ON DIAMAGNETISM AND MAGNECRY- * 

STALLIC ACTION ; including (he Question of Diamagoetic Polarity. Crown ; 
8vo. , izi. ' 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, ' 
delivered at the Royal Institution of Great Britain, 1869. Crown Hvja., 11, 6d. 

NOTES OF A COURSE OF SEVEN LECTURES ON 

ELECTRICAL PHENOMENA AND THEORIES, delivered at the Rojal ' 
Institution of Great Britain, 1870. Crown 8vo. , 11. 6rf. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTI- . 

TUTION 1875-1876. With 58 Woodcuts and Diagrams. Crown 8vtj., it. 6d. 

THE GLACIERS OF THE ALPS: being a Narrative of Excur- 
sions and Ascents. An Account of the Origin and Phenomena of Glaciers, and 
an Exposition of Ihe Physical Principles 10 which Ibey are related With 
7 Illustrations. CfOsra 8vo., 6s. bd. net. 

HOURS OF EXERCISE IN THE ALPS. With 7 Illustrations. , 

Crown 8vo., 61. bd. net. 

FARADAY AS A DISCOVE¥-E.^. Cicwtt ?>'«., v 6*. 
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HOTOGRAPHY. By Sir William 
DK WlVELKSUH ABNEV, K.C.B., 
F.R.S. With 134 lUusirations. Fep, 
Svo., 51. I 

rHE STRENGTH OF MATERIAL I 
AND STRUCTURES. By Sir J. | 
Anderson, C.E. Wiib 66 lUus- 
tralions. Fcp. Svo., y. 6d. 

lAILWAY APPLlANCEa BySirJOHN 
Wolfe Bakrv, K.C.B., F.R.S., 
M.I.CE. With ai8 [Uustrations. 
Fcp. Svo. , 4^. 6d. 

INTRODUCTION TO THE STUDY 
OF INORGANIC CHEMISTRY. 
By William Allen Miller, M.D., 
LL.D., F.R.S. With 73 Illustrations. 
31. 6ti. 

3UANTITATIVE CHEMICAL ANA-! 
LYSIS. By T. E. Thorpk, C.a, | 
F.R.S., Ph.D. With 88 Illustrations. , 
Fcp. 8va, 41. 61^. 

JUALITATIVE ANALYSIS AND' 
LABORATORY PRACTICE. By 
T. E. Thorpe, C.B.,Ph.D., F.R.S., ' 
and M. M. Pattison Muir, M.A. '• 
and F.R.S.E With Plate of Spectra I 
and S7 [llust rations. Fcp. 8vo, , 3;, 61^, | 

NTRODUCTION TO THE STUDY i 
OF CHEMICAL PHILOSOPHY. 
By William A. Tilden, D.Sc., 
London, F.R.S. Wtih lUusirations. 
Fcp. 8vo., 51. With Answers to 
Problems. Fcp. Svo., 51. 6d. ! 

ILEMENTS OF ASTRONOMY. By' 
SirR. S. Ball, LL.D., F.R.S. With ' 
130 Illustrations. Fcp. Svo,, 6j. 6d. 

iYSTEMATIC MINERALOGY, By I 
Hilary Bauerhan. F.G.S. With' 

373 Illuslralions. Fcp. Svo., 6s. ' 

5ESCRIPTIVE MINERALOGY. By I 
Hilary Bauerman, F.G.S., etc.. 
With 236 Illustrations. Fcp. Svo. , 61, , 

tIETALS: THEIR PROPERTIES] 
AND TREATMENT, By A. K. 
Huntington and W. G. McMillan. 
With l»a Illustrations. Fcp. Svo., 
7* 6rf. 

THEORY OF HEAT. By J. Clerk 

Maxwell, M.A., LL.D,, Exlin., 
F.R.SS., L. 4 E. With 38 Illustra- 
tions. Fcp. Svo., 41. 6d, 

PRACTICAL PHYSICS. By R. T. 
Glazrbrook. M.A., F.RS-.andW. 
N. Shaw, M.A. Wiib 134 lllusira- 
tloas. Fep. Svo., 71. 6d. 



PRELIMINARY SURVEY AND ES- 
TIMATES. By Thkouorr Graham 

Gribble, Civil Engines. Including 
Elementary Astronomy, Route Sur- 
veying, Tacheomelry, Curve-ranging, 
Graphic Mensuration, Estimates, 
Hydrography and Instruments. With 
133 Illustrations. Fcp. Svo. , 71. 6(J. 

ALGEBRA AND TRIGONOMETRY. 
By William Nathaniel Griffin, 
B.D. y. fid. Notes on, with Solu- 
lioi^s of Ibe more dillicuU Questions. 
Fcp. Svo., 31. hd. 

THE STEAM ENGINE. By GeORGE 
C. V. Holmes, Secretary of the Insti- 
tution of Naval Architects. With ata 
Illustrations. Fcp. 8va, bs. 

ELECTRICITV AND MAGNETISM, 
By Fleeming Jenkin, F.R.SS.. L. 
& E. With <77 Illustrations. Fcp 
Svo. , 31. td. 

THE ART OF ELECTRaMETAL- 
LURGY. By G. Gore. LLD. 
F.R.S. With s6 Illus. Fcp,8vo,,6j. 

TELEGRAPHY, BySir W. H. PheeCE. 
K,C.R. F.R.S., M.I.CE, and Sir J. 
SivEWRiGHT, M.A.. K.C.M.G. With 
S67 Illuslralions. Fcp. 8vo., fa. 

PHYSICAL OPTICS. By R. T. 
Glazebrook, M.A., F.R.S. With 
1S3 Illuslralions. Fcp. Svo. , fa. 

TECHNICAL ARITHMETIC AND 
MENSURATION. By Charles 
W. Merkiefield, F.R.S, 3J. bd. 
Key, by the Rev. John Hunter, 
M.A. Fcp. 8vo., 31. 6rf. 

THE STUDVOF ROCKS. By Frank 
RuTLEv, F,G.S, With 6 Plates and 
88 Illustrations Fcp, Svo,, 4^. dd, 

WORKSHOP APPLIANCES, including 
Descriptions of some of the Machine 
Tools used by Engineers, By C. P. 
B, Shellev, M,rC.E. Wiib 323 
Illustrations, Fcp. 8vo,. 51. 

ELEMENTS OF MACHINE DESIGN. 
By W. Cawthohkk Unwin. F,R,S.. 
li.Sc.. M,I,C.E. 

Part I. General Principles, Fasten- 
inKS and Transmissive Machinery. 
Wiib 345 Illustrations. Fcp, Svo., 
^s. 6rf, 
Part II. Chiefly on Engine De- 
tails. With 259 Illustrations. 
Fcp. Svo., 61, 

STRUCTURAL AND PHYSIOLOGI- 
CALBOTANY, HyOxro Wilhelm 
Thome, and A. W. Bennett, M.A., 
B.Sc,F,L.S. With 600 lUusirations. 
Fcp. Svo., 61, 
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I 



BUILDING CONSTRUCT[ON. By 
the Author of ' Rivrnglon's Noto cio 
Building Conslniclicin '. With 385 
lll(i51ralions and an Appendix oi 
£xajiiiDa.tion lJueBlioD&» Crown 
8vD. , 4 J. hd. 

THEORETICAL MECHANICS, 
Solids, including Kim^mitlira, Sialics, 
and ICineiTCs. Bv A, Thornton, 
M.A., F,R,A.S. 'Wilh aso llluslra- 
lionSj 130 Worked Ensuriples, and 
over 900 ExBinpleG fTom Hxaminalioii 
Papers., etc. Crown fi'vo., ^j. ^d, 

HEAT. By MAKIi R. Wkiokt, Hon. 
Jnler, B.Sc. (Lond.)'. Wilh 136 lllus- 
iratioDE and numerous ExQmplpg and 
Examinalian Pa.per^. Crown Svo,, 
4J. bd. 

LIGHT. By W. J. A. Emtage, M.A. 
With 333 Illustralions. Cr. 8vd, , &i. 

MAGN&TISM AND ELECTRICITY, 

By ASTHL'R WiLLLrtM POCSKR. M.A. 

With 317 Illuslrations, Crown Svo., 
as. erf. 

inorganic chemistry. theo- 
retical and practical, 
By William Jago. f.c.s,, f.lc 

With Plate or Spi^ctta and j>6 WoihI- 
cuts. Crown Svo. , 41. ftd. 



GEOLOGY : a Manuil lor SC 
AdvandL-d Classes and for G 
Readers. B»- Cn.^ki-ES Biiio 
(Lond. ). F.G.S. With ovw 30 
Irations. a G^clogical Map 
British Lsles (coloured), and it 
QLI4?SEion^ for Exa mi nation. 

BvD.. 7 J. (ill. 

HUMAN PHVSIOLOGV T a Mar 
Sludeiiis in advanced Classes 
Science and Art Drpbirimen 
JoHS Thornton, M.A. Wi 
Illuslralions, some of whic 
Colourwi, and a set of Questii 
Exatnination. Ci'own dvOL. 6r, 

PHYSIOGRAPHY. By John T 
TON, M.A. With II Maps, 25; 
iralioQS. and Coloured Map ol 
Deposits. Crown Svo., 4J. 6d. 

AGRICULTURE. By HenRvJ. ' 
Ph.D., B.SC. With 100 UIiisiii 
Crown 8vo., 7J. fsd. net. 

HYGIENE. ByJ. LaneNottkr. 
M,D., Professor of Hygiene 
Army Medical School, I 
Colonel, Royal Army ^ 
Corps; and R. H. Fibth, F.K 
lace Assistani Professor of H 
in the Army Medical School, J 
Major, Royiil Army M-edical 
Wilh 95 I Llii5[ rations. Crown 
3J. 6J. 



ELEMENTARY SCIENCE MANUALS. 
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OF SCiENCE SUBJECTS i" laid ileufn hi the Syliabm efth 
toTy of ihc BOARD OF EDUCATION. 



PRACTICAL. PLANE, AND SOLIU 
GEOMETRY, including Graphic 
Arithmetic. By I. H.MoHHis. P'ully 
Illustrated with Dmwings. Crown 
8vo, I aj. &/. 

GEOMETRICAL DRAWING FOR 

ART STUDENTS, Einbtacing 

Plane Geomeiry lud its Applications, 

the Use of Si;aJes. ind tbe Plan? and 

EletaiionsoSSoMs. By I. H. Mc»ris. 

CiQwn Sva , 2j. 



TEXT - BOOK ON PRACT 
SOLID, OR DESCRIPTIVE 
METRY. By David AM.Afr 
{[Whilworth Scholar). Part 1. 
Bvo., JJ. Pari IL Crown Svo,, 



AN INTRODUCTION TO MAC 

DRAWmC AND DESIGI- 

Drtv-fn Allan Low, With 15 

\ itwiiota. t%oiNn 8vo., ai. 6tf, 
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UlLDING CONSTRUCTION AND 
DRAWING. By Epw.Vru J. 
EURKELL, With 30B EUusLralions 
and Working Drawings. Crown Bvo., 

BJ. (til. 

H ELllMliNTARV COURSE OF 
MATHEMATICS, ContHJinngAritii- 
meiic : EucM (Booli I., with Dedue- 
tions and Exerciser) ; and Algebrd. 
Crouti 8vo,. aj. bJ, 

EOKliTlCAL MECHANICS. In- 
diirtinp Hydrosta lies and Ptieumniics. 
By J. E. TAyLOH,M.A..B..Sc. With 
aPTOiis Kxnmples TiiLd Anawera, 
nd 175 Diagrams and Illuslrallons. 
L^rown SvO'-, ai. 6d. 

3RETICAL MFXHANICS-SO- 

:.ID5. By J. E. Tavi.or, M.A., 

B.5c.(Lond.). Wnb i63lllu5[i.itions. 

liso Worked Eianiplo, iidd over 500 

^Mm pie? from Eiaminaiion Pspers, 

tc Crown 8uo. , aj. Cui. 

DRETICAL MECHANICS— 

'TLCIDS. Byi.E. Tavlob, M.A., 

I B.Sc.(Lond.). Wilhiaallluslrations. 

, aunier-ouE Wurkecl Examples, and 

[«toul 500 Rxamples frorti Examioa- 

Llkin Papers, etc Crown Bvo., u, 6if. 

^NUALOF MECHANICS. With 
^ )3S niuslriilitinl and Dingmiu^, and 

las Eianiple? taken from Exaroinii- 
;iion Papers, with Answers. BjT. M. 
tOooDEVE, M.A. Crown Bvo, , 21, 6(f. 

BND, light, and heat. My 
'Mark R, Whmht, M.A. Wiib 160 
I DtigrarLis and IllusiralioMS. Ctoym 
[Bva., ai. dfl. 

rALLURGY: an Elemeniary Text- 
~ ah. By E. L. RHsAn. Wuh 94 
Ellluatratlons. Crown Bvo., JJ* 6d- 

5ICS. Alternaiive Course, By 
lARK R. Wright, M.A. Wiii 143 
[Illustrations, Crown. 8vo., aj. tJ. 

3NETISM AND ELECTRICITY. 
'A. W. PovsER. M.A, Wilb =35 
Ulustraiions. Crown 8vo. , aj. (id. 

&BLEMS AND SOLUTIONS IN 

ILEMENTARY ELECTRICITY 

ID MAr,NETlS\:. Bv W, 

Livix and A. Erookeb. Efn- 

cing a Conipleic Set of Answers 

tbe South Kensington Papers for 

yeair^ 1385-1859, and a Series of 

Jrigiaal ijueitions. With 67 Orip- 

llltislratietu. Crown Svo..3J. 



ORGANIC CHEMISTRY; the Fftlty 
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